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PREFACE TO THE THIRD EDITION 


The first edition of this book was published in 1943 under the difficult 
■conditions of the war. The second edition appeared in 1949 with only a 
few additions and modifications mainly because very little stratigraphical 
work was done during the war years, and what little was done remained 
unpublished. Since 1949, however, there has been much improvement in 
regard to publication of scientific literature in India, both by Government 
organisations and by universities and other centres of research. The 
Geological Survey of India, which is still the most important organisation 
carrying out geological work in this country, has undergone considerable 
expansion during recent years. The Government has also been actively 
sponsoring research in the universities so that it is now possible for the 
latter to take an increasing share in geological investigations and advance¬ 
ment. 


India was partitioned in 1947 and a Geological Survey of Pakistan was 
created out of the small number of geologists who were willing to go to that 
country. The Pakistan Geological Survey has now the responsibility of 
the official geological work in that country. 

Some important territorial changes hav'e taken place within India 
since partition. The former princely States have been amalgamated with 
the neighbouring provinces into a small number of units. .\n indication 
is given below of the more noteworthy changes in the designation of the old 

units as well as in the new spelling adopted for the names of some important 
rivers, towns, etc. 


Present name of State 
.\ndhra . . 


Bomba}^ 

Himachal Pradesh 
Madhya Bharat 
Madhya Pradesh 
Orissa 


Former name and details 

.Ml the districts of former Madras to the 
north of and including Nellore and Chittoor 
but excluding part of Bellary 
Now includes Baroda and some Western 
India and Southern Mahratta States 
Simla Hill States 
Central India States 
Central Provinces including Bastar etc. 

Orissa and Ori.ssa States 



IV 


Present name of State Former name and details 

Patiala and East Pun¬ 
jab States Union 

(PEPSU) .. Patiala and East Punjab States 

Rajasthan ., Rajputana States including Jaipur, Jodhpur, 

Bikaner and Udaipur 
Saurashtra .. Kathiawar 

West Bengal Parts of Bengal and Punjab remaining in 

East Punjab ..J India after partition 

Uttar Pradesh .. United Provinces 

■^’indhya Pradesh .. Rewa, Bundelkhand, etc. 


Present spelling 

Former spelling 

Ayodhya 

Oudh 

Banaras 

Benares 

Ganga 

Ganges 

Jamuna or Yamuna 

Jumna 

Jabalpur 

Jubbulpore 

Kanpur 

Cawnpore 

Krishna 

Kistna 

Madurai 

Madura 

Mathura 

Muttra 

Narmada 

Narbada 

Ramanathapuram 

Ramnad 

Tapi 

Tapti 

Tiruchirapalli 

Trichinopoly 

Tirunelveli 

Tinnevelly 

Vij ayawada 

Bezwada 

V isakhapatnam 

\’izagapatam 


The reorganisation of the States on a linguistic basis is now under 
discussion in the Indian Parliament and sev’eral changes in the names and 
boundaries are likely to be made shortly. 

A considerable amount of revision has been done in the present edition 
and most of the chapters have been revised. A noteworthy addition is the 
summary account of the stratigraphy of the Gondwana System in the 
Southern continents which is of particular interest to India in view of its 
being part of the old Gondwanaland. There is, however, no change in the 
general arrangement of the material or in the mode of treatment. The 



geological maj) (Scale 1 " ^ 96 miles) which appears in this book is a new 
edition issued this year by the Geological Survey of India. Practical!}' all 
the gaps which existed in Peninsular India have now been filled up but 
much remains to be done in the Himalav-as and on the Assam-Burma border. 
A new edition of the larger geological map (on the scale of 1 " = 32 miles) 
is also under preparation and is expected to be published b\- the Geological 
Surr'ey of India some time next year. 

The illustrations in the book are the .same as in the previous edition 
except for the fact that the map showing the strike directions in the .Archaean 
terrain has been replaced by a new one and a geological map of Cejlon has 
been added, the latter with the kind permission of the head of the Depart¬ 
ment of Geology and Mineralogy of Ceylon. 

In preparing this new edition I ha\’e received help from numerous 
colleagues familiar with different parts of India. My thanks are due to 
Dr. K. Jacob. Dr. A. P. Subramaniam, .Mr. K. K. Sumlaram and 
Mr. J. Swaminath who have gone through parts of the manuscript and given 
me help in various nays. I am especially indebted to Mr. K. S. Krishna- 
murthi who kindly undertook the task of proof correction and of seeing 
the book through the press. Finally I wish to express my appreciation to 
the Associated Printers (Madras) Private Ltd. for the interest taken bj' 
them in the publication of this book and for the uniform courtesy extended 
to me at all times. 


1st May, 1956 


M. S. KRISHNAK 



PREFACE TO THE FIRST EDITION 

The first edition of the official Manual of the Geology of India by 
Medlicott and Blanford appeared in 1879 and a second edition by R. D. Old¬ 
ham was published in 1893. They were out of print by i 910 or thereabouts. 
Students of geology \' ere, however, fortunate in the publication, by Mr. D. 
N. Wadia, of his excellent book ‘ Geology of India ’ in 1919, and the subse¬ 
quent editions. For about a quarter of a century it has been the only book 
available on the subject. A new book on Indian Stratigraphy needs there¬ 
fore no apology to make its appearance, especially at a time when the subject 
is attracting the attention of an increasing number of students and the 
educated public alike. 

I have endeavoured to include all the most important and useful 
information up to the time of going to Press subject to the limitations set 
by the size and standard of this book. But, as my official duties have kept 
me away from Calcutta since the latter part of 1941, I have not had the 
advantage of the unri\'alled library facilities available at Calcutta at the 
time of the final rer’ision of the manuscript. 

From the time I liegan the manuscript, I have received constant 
encouragement from Dr. Cvril S. Fox, Director of the Geological Survey of 
India, who found time, amidst his manifold duties, to read it through. 

I am indebted to him for many useful suggestions, for i^urmission to make 
use of the Geological Survey publications for illustrations, and for obtaining 
for me the sanction of the Government of India to publish the book. It is a 
pleasure to acknowledge the valuable help I have received from my collea¬ 
gues Messrs. N. K. X. .Vir'angar and M. S. \’enkataraman at all times during 
the preparation of the manuscript and during, its publication. To Dr. K. 
Jacob I am grateful for assistance and helpful criticism in connection with 
the chapter on the Gondwana System and in the preparation of the plates 
illustrating that chapter. 

Several difficulties cropped up soon after the manuscript was handed 
over to the Madras Law Journal Press for publication. My warmest thanks 
are due to the management and staff of the Press for surmounting the 
difficulties and successfullj- bringing out the book in spite of the unprece¬ 
dented conditions created by the war, and for the courtesy shown to me at 
all times. 


M.4DKAS, 
\5th May, 1943 


M. S. Krishnan 
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CHAPTER I 


INTRODUCTION AND PHYSICAL OEOLOGY 

The Divisions of India 

A physical map of India shows strikingly that the country can be 
divided into three well-marked regions each having distinguishing characters 
of its own. The first is the Peninsula or Peninsular Shield (‘ shield ’ being 
a term used for geologically very old and stable parts of the crust) lying 
to the south of the plains of the Indus and Ganges river systems. The 
second di\'ision comprises these Tndo-dan^elic alluvial plains stretching 
across northern India from Assam and Bengal on the east, through Bihar 
and Uttar Pradesh, to the Punjali and Sind on the west. The third is the 
Extra-peninsula, the mountainous region formed of the mighty Himalayan 
Tanges and their extensions into Baluchistan on the one hand and Burma 
and Arakan on the other. 

These three divisions exhibit marked contrast in physical features, 
stratigraphy and structure. 

Physiographically, the Peninsula is an ancient plateau exposed for 
long ages to denudation and approaching peneplanation. Its mountains 
are of the relict t\ pe, i.e.. they represent the survi\’al of the harder masses 
of rocks which have escaped weathering and removal ; their topographical 
expression may not therefore be directly attributable to their structure. 
Its rivers have, for the most part, a comparatively flat country with low 
gradients to tra\ erse, and har e built up shallow and broad vallej's. The 
Extra-Peninsula, on the other hand, is a region of tectonic or folded and 
overthrust mountain chains, of geologically recent origin. Its rivers are 
youthful and are actively eroding their beds in their precipitous courses 
and carving out deep and steep-sided gorges. The I ndo-Gangetic plains 
are broad, monotonous, level expanses built up of recent alhn ium through 
■which the rivers flow sluggishly towards the seas. 

Stratigraphically, the Peninsula is a ‘ shield ’ area composed of 
geologically ancient rocks of diverse origin, most of which have undergone 
much crushing and metamorphism. Over these ancient rocks lie a few 
areas of pre-Cambrian and later sediments and extensive sheets of hori¬ 
zontally bedded lavas of the Deccan Trap formation. Some Mesozoic 
and Tertiarj' sediments are found mainly along the coastal regions. The 
Extra-Peninsula, though containing some very old rocks, is predominantly 
a region in which the sediments, laid down in a vast geo.syncline continu- 
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ously from the (’ambrian to early Tertiary, ha\'e been ridged up and folded. 
They thus show enormous thicknesses of sedimentary rocks representing 
practically the whole geological column, which ha\e been compressed, 
or’erthrust and ele\ ated into dry land only since the cud of the Mesozoic 
times. The core of the mountains is composed of granitic intrusions of 
presumably Tertiary age. The southern fringe, liordering on the plains, 
consists of fresh-water and estuarine deposits of Mio-Pliocene agederi\-ed 
largely from the erosion of the rising Himalayas. The Gangetic Plains 
arc built up of laj'ers of sands, clays and occasional organic debris (peat- 
beds, etc.) of geologically ver}’ recent date (Pleistocene and Recent), filling 
up a deep depression between the two other units. 

Structurally, the Peninsula repre.sents a stable block of the earth's 
crust which has remained unaffected by mountain building movements 
since practically the close of the Pre-Cambrian era. The later changes 
which it suffered ha\’e been mainly of the nature of normal and block faulting 
because of which some parts have sunk down relative to others. Along 
its coasts, there have been marine transgressions which have laid down 
sedimentaiy beds of Upper Gondwana, Cretaceous or Tertiary ages, but 
not of great thickness or extent. In contrast with this, the Extra-Peninsula 
has recently undergone earth mo\'ements of stupendous magnitude. Its 
strata are marked by complex folds, reverse faults, overthrusts and nappes 
of great dimensions. There is reason to belie\'e that these movements 
have not yet completely died down, for this region is still unstable and is 
frequently rdsited by earthciuakes of varying intensities. The Gangetic 
plains owe their origin to a sag in the crust, probably formed contem¬ 
poraneously with the uplift of the Himalayas. This sag or depression 
has since been filled up by sediments derived from both sides, and especially 
from the lofty chains of the Himalayas which are actively being eroded by’ 
the many rivers traversing them. The little geological interest which 
these plains hold is confined to the rich soils and to the history of the river 
systems ; indeed, the alluvium effectively conceals the solid geology of 
its floor, a knowledge of which would be highly' interesting and probably 
even profitable. These alluvial plains are, however, of absorbing interest 
in human history, being thickly' populated, and the scene of many important 
developments and events in the cultural and social historv of Hindustan. 

CLIM.\TE 

India, Pakistan and Burma together have an area of o\'er 1,899,000 sq. 
miles (India 1,271,300 ; Pakistan 365,900 ; Burma 261,600 sq. miles). 
India and Pakistan stretch between N. latitudes 8'^ and 37° and E. longi¬ 
tudes 61° and 97°, Burma extending further east to a little beyond 100°. 
From Cape Comorin to the north of Kashmir the distance is about 2,00(1 
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miles, this being exceeded by the distance between the western border 
•of Baluchistan and eastern border of Burma by some 400 miles. 

Within this extensive domain are present a ^■a^iety of climatic con¬ 
ditions, but the dominant feature is the tropical monsoon. The northern 
part of the country, that beyond the latitude of Calcutta and Ahmadabad, 
lies to the north of the Tropic of Cancer. The interior of the country, 
owing to its inland or continental nature, is subject to extremes of tempe¬ 
rature. The mountain barrier of the Himalayas plays an important part 
not only in influencing the distribution of rain in Northern India, but 
also in preventing this region from experiencing the \ery cold winters 
characterising the tenitones to their north. 

The south-west monsoon reigns from the end of May to December, 
the earlier half being the general rain\ season. The latter half marks 
the ‘ retreating monsoon ' during which si>me parts of the eastern coast, 
particularly the Madras coast, recei\c some rain. The north-east monsoon 
is active during the cold weather but the winds are dry before they blow 
o\’er the Bay of Bengal. 

During the cold weather (December to February) the temperature 
reaches a minimum, especially in the Punjab and the north-west which 
show mean temperatures below 55'F. In Upper India there is a region 
of high pressure from which winds radiate to the south and south-east. 
North-east winds are c.xperienccd in Bengal but they are dry until they 
blow over the sea when they pick up moisture and precipitate it on the 
Madras coast and Ceylon. Some cyclonic storms are also experienced 
in N.W. India during this period but these are due to winds travelling 
•eastwards from the Mediterranean. 

During the succeeding months of March to May, the temperature 
rises steadily to a maximum, the interior of the countr\- registering 110' to 
120°F. in early May. Strong winds blow from the north-west down the 
Ganges valley, familiarlj' known as ‘ norwesters ’. Though, during this 
period, there is a low pressure region in Northern India, there is no flow 
of moisture-bearing winds from the Indian Ocean as there is obstniction 
to such a flow in the intervening low pressure equatorial belt. It is only 
towards the end of May that this latter is wiped out and the south-west 
winds establish themselves. 

The south-west monsoon strikes the Malabar and Arakan coasts and 
is deflected northwards by the hills present along these coasts. The Deccan 
plateau falls in the rain-shadow of the Western Ghats and hence receives 
only a small amount of rain which diminishes steadily from west to east. 
The Western Ghats receive over 100 inches of rain during the monsoon 
■whereas the ‘ shadow ’ region gets only 25 inches or less. The winds 
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sweeping up through the Bay of Bengal strike the Arakan and Assam 
hills, the latter forcing the winds up to an altitude of some 5,000 feet when 
all their moisture content is precipitated as rain. The neighbourhood of 
Cherrapunji is known to receive the highest rainfall in the world, averaging 
about 450 inches per year, the maximum recorded being 905 inches in 1861. 
Part of the monsoon winds is deflected up the Ganges valley to as far as 
western Punjab, bringing rain to these regions between the middle of June 
and the end of .4ugust. There is of course more rain along and near the 
Himalayan foothills than away from them and hence Southern Punjab and 
Rajasthan are regions of low rainfall. 

A broad and rather irregular belt of low rainfall (20-30 inches) stretches 
from the interior of Madras in a northerR' direction through Bombay 
and Central India to the Punjab. But South-western Punjab, Western 
Rajputana, Sind and Baluchistan constitute a region of very low rainfall 
(below 10 inches per annum) and enclose the tract known as the Thar which 
is a semi-desert. 

The latter part of the south-west monsoon season is marked by a 
gradual rise of pressure in Northern India which has the effect of obstructing 
and relatively pushing back the monsoon current. The winds therefore 
appear to ‘ retreat ’ and precipitate the moisture content along the east 
coast of Madras, during October and November. This is in fact the chief 
rainy season of this part of India. The real north-east monsoon begins 
to be effective only at a later period but actually contributes less rain than 
the retreating south-west monsoon. 


PHYSIOGRAPHY 

.MOUNTAINS 

Peninsular India 

The chief mountains of Peninsular India are the Western and Eastern 
Ghats, Vindhjas, Satpuras, the .\ravallis and those forming the Assam 
plateau. 

The Western Ghats : These form a well-marked feature along the 
western coast of India from the Tapi Valley down to Cape Comorin. The 
northern part, down to Dharwar and Ratnagiri in Bombay, is composed 
of the Deccan Traps, while the southern part which includes the rest, 
consists of Archaean gneisses, schists and charnockites. The Western 
Ghats are nearly 1,000 miles long. Their average elevation is from 3,500' 
to 4,000 feet but many peaks rise to over 7,000 or 8,000 feet {e.g. Dodda- 
betta (8,650 feet) and Makurti (8,380 feet) in the Nilgiris, Anaimudi {8,837 
feet) in the Anaimalais and \’embadi Shola (8,218 feet) in the Palni hUls.) 
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The Western Ghats in Bombay are composed of flat-topped ridges 
which are due to the more resistant flows of the Deccan Traps forming a 
series of step-like terraces. In this portion rise the Godavari, Bhima and 
Krishna rivers. The Satmala ridge branches off to the east between the 
'I'api and the Godavari, while Mahadeo ridge branches off between the 
Bhima and Krishna rivers. Mahabaleshwar is a well-known hill station 
(4,717 feet) near the source of the Krishna river. A few passes in the ghats 
provide lines of communication between the coastal plains and the interior 
and these have had great strategic significance in the past history of the 
country. 

The Western Ghats are generally known as ‘ Sahyadris ’ which is the 
name by which they have been described in the epic Ramayana. As we 
proceed to the south into Mysore, the Ghats tend to recede to 30 or 40 miles 
from the coast. In the Nilgiris the Eastern Ghats join them to form a 
mountain knot whose highest point is Doddabetta. Further south the 
Western Ghats recede still further, to a distance of 40-50 miles from the 
coast. 

To the south of the Nilgiri hills is the remarkable pass or gap in the 
Western Ghats, known as the Palghat Gap. This has always provided a 
major line of communication between the coastal plains of Malabar and 
Kanara on the one hand and the plains of South Madras on the other. 
The Palghat Gap is only 1,000 feet in elevation, but has a ma.ximum width 
of 15 miles. It might represent the valley of a westerly flowing river of the 
Tertiary times as suggested by Jacob and Narayanaswami (1954). 

South of the Palghat Gap the Western Ghats rise again to form the 
.Anaimalai hills whose highest peak is Anaimudi. The top of these hills 
is an undulating plateau which is well-forested. They support very good 
forests containing several useful timber species, c.g., teak, ebony, rose 
wood, etc., and a large V'ariety of bamboos. The Mj'sore and Travancore 
parts of the Western Ghats also support large plantations of tea, coffee, 
cinchona, cardamom, etc. One of the eastern spurs from these hills forms 
the Palni hills. Further south in Travancore they decrease in height and 
disappear finally a few miles to the north of Cape Comorin. 

Though situated very close to the Arabian Sea, the Western Ghats 
form the real watershed of the Peninsula. Their easterly slopes are gentle 
and often grade into the Mysore plateau and the plains of the interior 
districts of Madras. The western slopes are much steeper and often 
precipitous. As they are exposed to the full vehemence of the south¬ 
west monsoon, they receive around 150 inches of rain per annum. All the 
important peninsular rivers, viz., the Godavari, Krishna, Cauvery and 
Tambrapami and their important tributaries rise on the Western Ghats 
and flow eastwards into the Bay of Bengal. 
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The Eastern Ghats : These are a series of rather detached hill 
ranges of heterogeneous composition which stretch intermittently from the 
northern border of Orissa through the coastal regions of the Andhra Prov'ince 
to join the Nilgiris in the western part of Madras. They are uniform in 
their character in Orissa and in the northern part of Andhra down to the 
valley of the Krishna river, being composed of garnctiferous siUimanitc 
gneisses (khondalite) and large masses of charnockite. Their average 
elevation here is about 2,500 feet, but a few points rise to over 3,000 feet, 
for example Korlapat (3,981 feet) and Banksamo (4,182 feet) in Kalahandi ; 
Nimaigiri (4,972 feet) in Koraput ; Malayagiri (3,895 feet) in Pal Lahara ; 
Meghasani (3,824 feet) in Myiirbhanj ; Mankarnacha (3,639 feet) in Bonai 
and Mahendragiri (4,919 feet) in Ganjam. In a few places the garneti- 
ferous gneisses are capped by laterite which is generally too poor in alumina 
to form commercial bauxite. 

South of the Krishna Valley, they continue into the Kondavidu hills 
which are composed of charnockites. Possibly a part of the Ghats in the 
Krishna district strikes into the Bay of Bengal to continue further on into 
Ceylon. The Nallamalai and Palkonda hills are composed of Cuddapah 
and Kumool formations. Their continuation is to be seen in the Javadi, 
Shevaroy and the Biligiri Rangan hills of Salem and Coimbatore which 
finally join the Nilgiris. All these are made up of charnockite and granitoid 
gneisses. Of these, the Shevaroys, which rise to a height of 5,410 feet, 
contain a few flat-topped peaks on which bauxite deposits occur. 

The Eastern Ghats to the north of the Krishna river have been con¬ 
sidered by Fermor to have been uplifted in Pre-Cambrian or later times. 
This is supjxirted by the fact that the majority of the rocks have the impress 
of high grade metamorphisni. They contain intrusive masses of granitic 
rocks which, when invading manganiferous sediments, have given rise to 
hybrid rocks originally described as Kodurites by Fermor. In a few places 
such as the Baula hills in Keonjhar and in the Kondapalle hflls in the 
Krishna district, there are intrusive masses of ultrabasic rock associated 
with chromite. This part of the Eastern Ghats is therefore the remnant 
of a tectonic mountain system whereas that in the Cuddapah basin further 
south is largely of the relict type. 

The Vindhya Mountains : The Vindhyas, which separate Southern 
India from Northern India are a fairly continuous group of hill ranges, 
or rather a series of plateaux, lying to the north of the Narmada river and 
extending from Jobat (22°27' : 74°35') in Gujarat to Sasaram (24°57' : 
84°02') in Bihar, through Indore, Bhopal, Baghelkhand and Vindhya 
Pradesh. Their general elevation is 1,500 to 2,000 feet but a few points 
rise above 3,000 feet. The majority of the ranges are composed of sandstones 
and cjuartzites of the Vindhyan System, these being relict mountains. 
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The western part, to the west of Jabalpur, forms the northern boundar}’ 
of the Narmada \'alley and consists mainly of Deccan Trap. The eastern 
part, including the Kaimur Range, is composed of the \'indhyan sandstones. 
The Maikal Range, forming so to say a connecting link between the Vindhyas 
and Satpuras, is a large plateau which was once well populated but is now 
highly forested. Together with the Satpuras, the \’indh\’'a mountains 
form the rs’atershed of Central India from which rise the Narmada, Chambal, 
Betwa, Tons, Ken, Sone and others, some of which flow into the Ganges 
and the others into the Godavari and Mahanadi. 

The Satpura Mountains : This name was applied originally to 
the hills in the Nimar district of Madhya IVadesh which separated the 
Narmada and the Tapi Rivers. Their western termination is in the Raj- 
pipla Hills in Gujarat while in the4 east the\ comprise the Pachmarhi 
Hills, the Maikal Range and the hills of Surguja, Ranchi and Hazaribagh. 
They have a general E.N.E.-W'.S.W'. trend. The peaks in the Mahadeva 
Hills are over 4,000 feet in height (Pachmarhi : 4,380 feet) while the 
.Amarkantak peak is 3,490 feet high. The highest point is Dhupgarh 
(4,454 feet). In the eastern part, the Satpuras are composed of Gondwanas 
and Archaean gneisses. In Berai, the Satpuras occupy a broad zone, 
70 to 100 miles wide, composed of several more or less parallel ridges of 
Deccan Trap lava flow's. Their northern slopes are drained by the Narmada 
River and the southern slopes by the Wainganga, Wardha and Tapi. 

The Rajmahal Hills at the head of the Ganges Delta were once 
regarded as part of the Mndhyas or the Satpuras. They are, however, 
not connected with either, being composed of lava flow's occupying the area 
between lat. 24°30' and 25°15' roughly along long. 87"'30'. 

The Aravalli Mountains : These are now the remnants of once 
great mountain ranges of tectonic origin. They cross Rajasthan from 
south-west to north-east dividing the arid semi-desert of the Bikaner, 
Jodhpur, and Jaisalmer area on the west from the more fertile region of 
Udaipur and Jaipur on the east. They are composed of rocks of the 
.Aravalli, Delhi and Vindhyan Systems. 

The small detached quartzite ridges near Delhi are their northernmost 
stumps. They continue to Khetri north of Jaipur where the first well- 
marked ridge appears. They gradually rise higher towards the south¬ 
west forming the peaks of Kho (3,212 feet), Raghunathpur (3,450 feet) 
and Harisnath (2,968 feet). They pass to the west of the Sambhar Lake 
and open out to form several parallel ranges, the highest point here being 
Taragarh fort hill (2,855 feet). From Beawar onwards they form cons¬ 
picuous ridges while beyond Merwara they spread out into a zone of hills 
25 to 30 miles vride. The highest point attained by the Aravalli Mountains 
is Gurusikhar (5,650 feet) in Mt. -Abu. Further south-west the}' gradually 
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become straggling hills forming the rugged country extending from south¬ 
west Mewar into Dungarpur and Banswara. They may be said to terminate 
in the district of Bhukar in south-western Sirohi. The south-eastern 
flanks extending into Udaipur are less steep than the north-western flanks, 
the latter being better wooded, because of the slightly higher rainfall on 
that side. 

Though the Aravallis terminate in Gujarat in the south and near 
Delhi in the north, there are indications that they extend in both directions. 
Pre-Cambrian rocks with the Aravalli trend have been noticed in Garhwal 
in the U.P. Himalayas and are considered to represent their former ex¬ 
tension into this region. In the south of Rajasthan they tend to splay 
out, the different parts being continued probably into the Laccadives in 
the .‘\rabian Sea on the one hand and into Mysore and Hyderabad on the 
other. 

The Aravallis are thought to constitute one of the finest examples of 
a true tectonic range. They were formed in Pre-Cambrian (post-Araralli 
and post-Delhi) times and were probably uplifted again in post-Vindhyan 
dimes. The last movement may have been merely a block uplift as 
suggested by Fermor {Records, G.S.I., Vol. LXII, pp. 391-409, 1930). 
They form the major watershed of Northern India, separating the drainage 
of the Ganges River s 3 -stem from that of the Indus, which are destined 
respectively for the Bay of Bengal and the Arabian Sea. 


Extra-Peninsular Ranges 

Arcuate Disposition. —The mountains surrounding India on the 
north, north-west and north-east are, as mentioned already, tectonic ranges 
and have been formed at a late geological age, viz., during the Tertiary. 
Their curvilinear disposition is very striking. They consist mainly of 
circular arcs which are convex towards the Peninsula, i.e., towards the 
rigid crust against which they appear to have been thrust. 

Of these, the Himalayan and the Burmese arcs are of immense radius. 
The Himalayas extend with a smooth sweep from Assam to Kashmir, 
for a length of about 1,500 miles. The western arm however consists 
of arcs of smaller radii which succeed one another at short intervals. The 
three main segments here are the Hazara mountains with the Samana 
Range and Safed Koh ; the Sulaiman ranges which terminate near Quetta ; 
and the system composed of the Bugti hills, and the Kirthar and Mekran 
ranges. 

The Himalayan arc is followed to the north by a succession of ranges 
across the great Tibetan table-land, their trend being more or less parallel 
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to the Himalayas but their curvature gradually decreasing in each of the 
more northern ranges. It will thus be seen that the Aling Kangri, the 
Karakoram and the Kun Lun become progressively straighter, the last 
being practically a straight mountain system (See Map II). In the case of 
the Baluchistan arc. the transition from the strongly cur\’ed outer ranges 
to the slightly curved inner ones is more rapid and distinct than in the 
Himalaya as will be clearly seen, for instance, in the case of the Sulaiman 
and associated ranges. The convexity of the arcs is in all cases towards 
the rigid mass of the Peninsular shield and indicates the apparent direction 
of thrust movements. 

Tibet. —The Tibetan plateau has an average altitude of 14,000 feet. 
To its north-west is the Pamir plateau (12,000 feet) which connects up 
with the Tien Shan plateau further north. The Tibetan plateau is now 
general!}? covered to a large extent by alluvium and loess. It is studded 
with a large number of lakes which were formerly much more extensive 
and probably connected with some system of drainage. Now however, 
they are mostly brackish and are, together with the whole region, becoming 
desiccated, consequent upon the rise of the Himalayas which have effectively 
shut off the moisture-bearing winds from the Indian Ocean. In the 
mountains on its southern and eastern border, however, rise all the great 
rivers of Southern and South-eastern Asia. 

Karakoram. —The Karakoram range forms, so to sa\', the back-bone 
of the Tibetan region and is continuous with t!ie Hindukush range to its 
we'^t. The Karakoram carries the peaks K" (28.250 feet), Gasherbrum 
(26,470 feet), Masherbrum (25,660 feet), etc. It forms the chief water 
parting between Central Asia and South Asia. To the south of the water¬ 
shed it is some 30 to 60 miles wide, carrying peaks over 20,000 feet high. 
It contains also several important glaciers—Baltoro, Biafo, Hispar, etc. 
The valley of the Hunza river, at an altitude of 15,500 feet, constitutes 
a pass to Central Asia while the pass between Leh and Varkand further 
east is 18,300 feet high. South of the Karakoram in Tibet is a range of 
snow-clad mountains named .41ing Kangri. How far to the east this range 
extends is not known. Between .Aling Kangri and the Kailas Range lies 
another range called the Trans-Himalaya by S\-en Hedin, the great Scan¬ 
dinavian explorer to whose explorations in Tibet we owe a great deal of 
our knowledge. This Trans-Himalaya Range is the real watershed between 
the northerly drainage flowing into Tibet and the southerly drainage 
destined for the Indian Ocean. 

Kailas and Ladakh Ranges. —Some distance south of the Trans- 
Himalaya is the Kailas Range, the latter being parallel to, and some 50 
miles north of, the Ladakh Range. About 19 miles north of the sacred 
Manasarowar lake, the Kailas Range contains a cluster of peaks of which 
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the chief is Mount Kailas (22,028 feet). South of the Kailas Range comes 
the Ladakh Range which takes its name from the province of Ladakh in 
Tibet. The Ladakh Range, which can be followed from Baltistan to 
Eastern Tibet, forms the watershed between the latter and Nepal. To the 
west, it probably merges into the Haramosh Range on which the peak 
Rakaposhi (25,550 feet) is situated. The highest peak of the Ladakh 
Range is Gurla Jlandhata (25,355 feet). There are sei^eral gaps in the 
Ladakh Range ; one of them is traversed by the Sutlej ; a second, some 
15 miles wide, is seen south-west of Manasarowar ; the third and largest 
is a gap 65 miles wide, north of Chomo Lhari, which is drained by the Nyang, 
a tributary of the Tsang-po. The Indus river is inextricably connected 
with this range ; it first flows on the northern side of the range for 120 miles 
from its source, then crosses it to the south near Thangra, flowing W.N.W. 
for nearly 300 miles along the southern flank ; it again cuts across the 
range northward just before it is joined by the Shyok river. 

The Zanskar Range. —^This is really a northerly branch of the 
Himalaya lying between the Ladakh Range on the north and the Great 
Himalaya on the south. A good part of this range is iine.xplored territory. 
Its best known peak is Kamet (25,477 feet). It is traversed by the Dras 
and the Zanskar rivers. There are several passes over this range, some 
of the well-known ones being Dharma (18,OCX) feet), Kungri Bingri (18,000 
feet) and Shalshal (16,200 feet). 

The Pir Panjal. —^This forms the southern boundary of the Kashmir 
valley and extends from Muzaffarabad on the Jhelum to Kishtwar on the 
Chenab and further east. The high central part is 80 miles long, with peaks 
rising to over 14,000 feet. 


THE HIMALAY.AS PROPER 

The Himalayas can be divided longitudinally into four zones, parallel 
to each other :— 

1. The Siwalik foot-hills, 5 to 30 miles wade, whose altitude 
rarely exceeds 3,000 feet. This region is generally covered with a damp 
and unhealthy forest. The rainfall varies between 50 inches in the west 
to 100 inches in the east. 

2. The Lesser Himalayan Zone, 40 to 50 miles wade and of an 
average altitude of about 10,000 feet. This consists of parallel ranges in 
Nepal and Punjab but of scattered mountains in Kumaon. In this are 
found remnants of the fringes of the old Gondwanaland. The zone between 
5,000 and 8,000 feet is covered by evergreen and oak forests and that 
between 8,000 to 10,000 feet by coniferous forests. In the lower slopes 
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are found magnificent forests of chir (Finns longifolia), deodar (Cedriis 
deodam), the blue pine (Finns excclsa), oaks and magnolias, whereas above 
8,000 feet are found birch, spruce, silver fir and other species. 

3. The Great Himalaya or Central Himalaya, comprising the 
zone of high snow-capped peaks which are about 80 or 90 miles from the 
edge of the plains. This zone shows both sedimentary and old meta¬ 
morphosed rocks which have been intruded bj' large masses of granite, 
probably of different ages. This consists of a lower, alpine zone up to 
16,000 feet and an upper, snow-bound zone usually above 15,000 to 17,000 
feet. The alpine zone contains rhododendrons, trees with crooked and 
twisted stems, thick shrubs with a variety of beautiful flowers, and grass. 

4. The Trans-Himalayan Zone, about 25 miles in width, con¬ 
taining the valleys of the rivers rising behind the Great Himalayas. These 
river basins are at an altitude of 12,000 to 14,000 feet and consist of rocks 
of the geosynclinal or Tibetan facies. 

In the Darjeeling-Xepal region, the Himalayas have an E.-W. trend. 
Further to the east, they have an E.N.E. or N.E. course, while to the west 
of Nepal they first ha\'e a west-north-westerly course and then a north¬ 
westerly course. The main range throws off minor ranges (all on the 
convex side, except in one case) which first proceed in the original direction 
of the main range at the point of branching but gradually swing parallel 
to the main range. The best known of these are the Nag Tibba, the Maha- 
bharat and Dhauladhar ranges in Nepal and U.P. and the Pir Panjal in 
Punjab and Kashmir. 


REGIONAL DESCRIPTION OF THE HIMALAYAS 

The Himalayas have also been divided by Sir Sidney Burrard into 
four transverse regions, viz., the Assam, Nepal, Kumaon and Punjab 
Himalayas. 

The Assam Himalaya is the portion between the peak Namcha 
Barwa (25,445 feet) in the Mishmi country where the Tsang-po (Brahma¬ 
putra) makes a sharp bend to cut across the mountains, and the Tista 
river, and is 450 miles long. The Kula Kangri group of peaks (24,784 feet) 
and Chomo Lhari (23,997 feet) occur in this portion. The Himalayas are 
known to continue beyond Namcha Barwa but though that portion of the 
country is little known, geological and Structural observations indicate 
that they execute a very sharp bend and turn southward to form the border 
ranges between Assam and Burma. The Assam Himalaya rises very 
rapidly from the plains, the foothills region being narrow and the Sub- 
Himalayas comparatively lower in altitude than in other areas. 
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The Assam Himalaya is geographically divided into short segments 
named after the tribes inhabiting them. These are the Aka hills between 
the Dhansiri and Dikrai rivers ; the Daphla hills between the Bhaireli 
on the west and the Ranganad on the east ; the Miri hills north of the 
Lakhimpnr district ; the Abor hills betvi'een the Siom on the west and the 
Dibang on the east ; and the Mishmi hills between the Dibang and the 
Dihang (Brahmaputra). Our knowledge of the Assam Himala 3 ’a is \ery 
meagre, having been deri\-ed from a few traverses made in conjunction 
with military expeditions. 

The Nepal Himalaya (500 miles long) is the portion between the 
Tista on the east and the Kali on the west and is crowned b\- the peaks of 
Kanchenjunga (28,146 feet), Everest (29.002 feet), Makalu (27,790 feet), 
Annapurna (26,492 feet), Gosainthan (26,291 feet) and Dhaulagiri (26,795 
feet). It throws off a branch near Dhaulagiri. 

The Kumaon Himalaya, 200 miles long, is limited by the Sutlej 
river on the west. The best known peaks here are Nanda Devi (25,645 
feet), Badrinath (23,190 feet), Kedarnath (22,770 feet), Trisul (23,360 feet), 
Mana (23,862 feet), Gangotri (21,700 feet) and Jaonli or Shivling (21,760 
feet). The southerlj' bifurcation here becomes the Dhauladhar Range. 
It is in the Gangotri region that the Bhagirathi river, which is the ultimate 
.source of the sacred Ganga (Ganges), rises in the Gangotri glacier. 

The Punjab Himalaya, 350 miles long, is the portion between the 
Sutlej and the Indus. The Sutlej cuts across the Himalaya where it shows 
a marked curvature. A southerlj' branch, the Pir Panjal, is also given off 
in this part. The main range carries few (leaks exceeding 20,000 feet. 
The Zoji-La pass over this is onij' 11,300 feet high. The northern slopes 
of the range are bare and show plains with lakes, while the southern slope.' 
are rugged and forest-clad. The Punjab Himalaj-a is not cut across bj' 
any river. Topographically it culminates in the Indus valle\' just beyond 
Nanga Parbat (26,620 feet), but geologically and structuralR- it makes a 
sharp southerly bend and, traversing Hazara, apparently’ merges into the 
Safed Koh range. 


THE BALUCHISTAN ARC 

The ranges corresponding to the Himalayas and their foothills are to 
be found in the Black Mountains of Hazara, the Kala Chitta and Margala 
hills, the Salt Range, the Sulainian Range, Bugti and Mari hills, Kirthar 
Range and the Mekran Ranges, the last sweeping westwards into the 
mountains of South Iran. 

The northernmost ranges of this arc start from the Hindu Kush 
mountains and proceed through Chitral and Swat. Further south are 
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the Muhmaiid hills while south of the Khyber pass are the hills of Tirah 
inhabited by the Afridi tribes. The Safed Koh Range branches off from 
the northern end of this area. Further south are the hills of Waziristan 
which merge into the Sulaiman Range part of which traverses the Kohat 
district. The Kala Chitta—Margala hills and the Salt Range join the 
Sulaiman Range from the east. The Kohat hills are associated with the 
curving hills of Maidan, Khasor and Marwat Ranges to the west of the 
Indus opposite the Salt Range. 

The Sulaiman Range runs from the Gumal river to Quetta in a large 
loop. The inner ranges of this loop are the Bugti and Mari hills. South 
of Quetta are the Kirthar and Laki hills. The former, composed of several 
parallel ridges, fonn the boundary between Sind and Baluchistan. One of 
these stretches straight on to Cape Monze. The highest point in the 
Kirthar Ranges is Mt. ilardac (7,430 feet). The Laki hills may be considered 
as merely an off-shoot of the Kirthar hills, being the easternmost ridge 
bordering on the Indu.s plains, and terminating at Sehwan on the Indus. 
To the west of the Kirthar hills are the ranges of the Brahui and Mekran, 
the latter turning westwards in a broad curve and proceeding into Southern 
Iran. 

The Kirthars themselves apparently continue into the .Arabian Sea 
and turn parallel to the Mekran Ranges. They are thought to connect 
with the coastal ranges of Oman in Arabia. 


THE BURMESE ARC 

At the north-eastern e.xtremity of the Himalayas, a little beyond the 
peak Namcha Barwa, the geologiced formations turn sharply southwards 
and form the conspicuous arc forming the border of India and Burma, 
continuing into the Andaman and Nicobar islands and the Indonesian 
Archipelago. The Burmese arc on the Indo-Bunna border is an area about 
which very little is known e.xcept for the meagre information obtained 
from a fe%v traverses. It is composed of the Patkoi, Naga, Manipur, 
Lushai, Chin, Arakan and other ranges. The Median Tertiary belt of 
Burma lying to the east of these ranges corresponds to the Tertiary zone 
of Baluchistan, while the zone of the Shan plateau, with its ancient and 
Palaeozoic rocks, is a foreign clement beyond the original Tethyan zone, 
and belongs to South-east .Asia. 


GLACIERS 

Snow-line and limit of Glaciers. —The ‘ snow-line ’ or the lowest 
limit of perpetual snow and ice is at different altitudes in different parts 
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of the Himalayas and associated ranges. In the Assam Himalaya, the 
snow line is at about 14,500 feet or higher, whereas in the Kashmir Himalaya 
it varies from 17,000 to 19,000 feet. This is probably due to the scantiness 
of moisture in the region of the north-western Himalaya and Tibet. It is 
an interesting fact that in all the ranges north of the Great Himalayas, 
the snow line is at a higher elevation on the southern than on the northern 
slopes, because the sun’s rays affect the southern slopes more than the 
northern. But the reverse is the case in the Great Himalayas since the 
southern slope receives much greater precipitation than the northern and 
is also steeper, the slope helping the gliding down of the ice quickly to 
low levels. The glaciers also descend to lower levels in the Punjab Himalaya 
than in the Assam Himalaya ; this is due partly to the lower latitude and 
greater condensation of atmospheric moisture as rain frather than snow) 
in the Assam Himalaya. 

The glaciers are now confined to the higher ranges. The more im¬ 
portant ones are valley-glaciers flowing through longitudinal valleys, and 
having large dimensions. The hanging glaciers along short trans\'erse 
valleys are less important and more affected by variations of temperature, 
seasonal snowfall, etc. 

The follow ing glaciers may be mentioned as important ;— 


Table I— Length of I.mpoktant Glaciers 


Name 

! 

' Location 

' Length 
miles 

Fedchenko 

Trans-.Vlai 

48 

Siachcn 

Karakoram 

45 

Hispar 

Do. 

38 

Biafo 

Do. 

37 

Baltoro 

1 Do. 

36 

Batura 

Do. 

36 

Rimo 

1 Punjab Himalaya 

I 25 

Punmah 

, Do. 

' 17 

Rupal 

1 Do. 

10 

Diamir 

Do. 

7 

Sonapani 

; Do. 

! 7 

Gangotri 

1 Kumaon Himalava 

16 

Milam 

1 Do. 

10 

Kosa . . 

i Do. 

j 7 

Kedarnath 

! Do. 

! 9 

Zemu 

Nepal Himalaya 

i 16 

Kanchcnjunga. 

Do. 

1 10 


The glaciers of the Himalayas and Central Asia have been studied 
by the Geological Survey of India as w'ell as by many explorers, among^ 
whom may be mentioned Montgomerie, Conway, Longstaff, De Filippi,. 
Visser, Dainelli and others. 
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Many of the Himalayan glaciers are much smaller than those listed 
above, being generally 2 to 5 miles long. In the largest glaciers the thick¬ 
ness of ice amounts to hundreds of feet e.g., Fedchenko 1,800 feet ; Zemu 
600 feet ; Baltoro 400 feet. The hanging and transverse \-alley glaciers 
are small and have a more rapid movement than the longitudinal I’alley 
glaciers. The daily movement varies from 1 inch to 3 feet and rarely 
higher, depending on the topograph}-. 

The Himalayan glaciers are definitely receding gradually. In many 
of them large amounts of moraine material cover the ice near the snout. 
During the summer they melt and the water escapes through crevasses 
forming englacial streams issuing out of tunnel-like caves. 

The Himalayan rivers and their tributaries are to a large e.xtent fed 
by glaciers. They also receive affluents and important streams traversing 
the Sub-Himalayan region. The larger, snow-fed rivers are often full in 
the latter part of the summer because of the water contributed by melting 
snow and ice at their head-waters. Rains in the Sub-Himalayas also 
contribute to the vvaters of these rivers. 

The present glaciers are mere remnants of the e.Ytensii'e glaciation of 
the Pleistocene period when very large areas of the mountainous tract 
must have been covered by snow and ice. Terminal moraines are found 
at as low altitudes as 6,000 feet in the region of the Lesser Himalayas. 
Erratics or large boulders, brought down from the mountains over long 
distances, are found in the plains of the Punjab far from the source of the 
rocks. These and other glacial features such as fluvioglacial deposits and 
moraine-filled glacial lakes suggest that the Pleistocene glaciation co\’ered 
very large areas in the Himalayas and e.vtended to very low altitudes. 


RI\EKS 

Rivers of the Peninsula 

There are numerous rivers traversing the Indian Peninsula, the more 
important ones being the Damodar, Subarnarekha, Brahmani. Mahanadi, 
Godav'ari, Krishna, Penner, ( aur erx- and Tambraparni, which flow into 
the Bay of Bengal, while the Narmada and the Tapi flow into the .\rabian 
Sea. The Banas, Luni, Chambal, Sind, Betwa, Southern Tons. Ken and 
the Sone are Peninsular ri%ers of Northern India belonging to the Ganges 
system while there are also a few others rising in Central India and the 
.Arar allis and flow-ing into the Rann of Kutch or the Gulf of Camba}. 

Most of the Peninsular Rivers can be said to have reached a mature 
state of development, particularly in the lower portions of their valleys. 
The larger rivers have built up Deltas at their mouths but delta formation 
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is prevented in the case of the smaller riv'ers by the strong ocean currents 
which flow along the coasts. In the Western Ghats the rivers still show' an 
early stage of development probably because there maj- har'e been an 
upward tilt as well as an uplift of the western part of the Peninsula in the 
Tertiary era, as indicated by the presence of Upper Tertiary rocks along the 
western coast which were laid dow'n when the western coast was faulted 
down in early Miocene. 

The Damodar rises in the Chota Nagpur plateau near Tori in the 
Palamau district of Bihar. Its tributaries are the Garhi, Konar, Jamunia 
and the Barakar. It becomes a large river after its confluence with the 
Barakar. It joins the Hooghly after a course of nearly 370 miles, a few 
miles below Calcutta. 

The Subarnarekha rises a little to the south-west of Ranchi, and 
flows in a general easterly direction through Singhbhum, May'urbhanj and 
Midnapore districts. It is about 300 miles long and drains an area of 
about 11,000 sq. miles. 

The Brahman! , which is formed by the confluence of the Koel and 
Sankh which join together near Panposh and Rourkela in Gangpur, flows 
through Bonai, Talcher and Balasore districts, and is finally joined by the 
Baitarani River before it enters the Bay of Bengal. Its total length is 
about 260 miles. 

The Mahanadi rises near Sihawa in the Raipur district in Madhya 
Pradesh. It flows tow'ards the north-east, and after being joined by the 
Seonath, turns to the east and then south-east. It is a large river at 
Sambalpur below' which it flows through the Rastern Ghats, entering the 
sea through several channels in its own delta. Its total length is 550 miles, 
and the area of its drainage basin 44,000 .sij. miles. 

The Godavari is the largest river of the Peninsula. It has a total 
length of 900 miles and its drainage basin covers 112,000 sq. miles. It 
rises in the Western Ghats in the Xasik district and on its way receives 
several important tributaries including the Puma, Maner, Pranhita (Wardha 
and Wainganga), Indravati, Tal, and Sabari. A large part of the area 
through w’hich it flows is densely forested. Its passage through the Eastern 
Ghats is through a picturesque gorge abo\ e Polavaram, where it is proposed 
to build a high dam. It is 9,000 feet wide at Rajahmundrv below' which 
it splits up into several branches which have formed a large delta. 

The Krishna rises near Mahabaleshwar in the Western Ghats. Its 
length is SCO miles and its drainage basin about 100,000 sq. miles. Its 
chief tributaries are the Koyna, Ghatprabha, Malprabha, Bhima and 
Tungabhadra. It flows through Southern Bombay and Hyderabad and 
then forms the boundary between the latter and the Andhra State. Its 
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delta commences a little below Bezwada (Vijayawada). Its largest tributary, 
the Tungabhadra, is composed of the Tunga and Bhadra Rivers which 
rise in northwestern Mysore and join just below Shimoga in Mysore. On its 
banks near Hospet are the ruins of Hampi, the capital of the once great 
Vijayanagar Kingdom. The Tungabhadra joins the Krishna River near 
Kumool town after a course of nearly 400 miles from the sources in Mysore. 

The Penner rises in the Kolar district of Mysore, its chief tributaries 
being the Chitravati and the Papaghni. It flows through a gorge of 
Cuddapah quartzites near Gandikota in the Cuddapah district. It enters 
the sea near Nellore Town and has no delta worth the name. 

The Cauvery (Kaveri) rises in Coorg and flows across the Mysore 
plateau before reaching the plains. Its total length is 475 miles, and 
its drainage basin is 28,000 sq. miles in area. Its chief tributaries are the 
Bhavani, Noyil and the Amaravati. It is a comparatively small river 
in Mysore and its descent from the plateau is marked by a few cascades 
and falls. At the head of its considerable and fertile delta is the city of 
Trichinopoly ; while at its mouth once stood, several centuries ago, the 
flourishing port of Kaveri-pumpattinam the ruins of which now lie buried 
in alluvium. 

The Tambraparni, the river of the Tinnevelly district, rises on the 
slopes of Agastyamalai in the Western Ghats, and flows into the Gulf of 
Mannar. Five miles inland from its present mouth are the remnants of 
Korkai which was at one time the capital of the Pandya Kingdom and a 
great seaport. At a later date its place as a sea-port was taken by Kayal- 
patnam, which was visited by Marco Polo during his voyages. 

The Narmada rises on the western flanks of the Amarkantak plateau 
at about 22° 40' : 81 ° 45' in Rewa, the actual source being a small pond 
surrounded by a group of temples. It flows alongside Ramnagar and 
Mandla as a deep placid stream and then turns towards Jabalpur where it 
cascades down, through marble rocks, to a depth of 30 feet forming the 
weU-known Dhuandhara Falls. From Jabalpur westwards it flows for 
200 miles between the Vindhya and Satpura mountains. After passing 
Handia and Punasa it enters the alluvial plains of Indore. Below Broach, 
it widens into a 17-mile broad estuary and enters the Gulf of Cambay. 
The total length of the river is 800 miles and the drainage basin about 
36,000 sq. miles. 

The Tapi (Tapti) rises on a plateau in the Satpuras at 2P 48' : 78° 15'. 

It flows through the Betul district and Berar, part of its valley being very 
narrow and overhung by steep cliffs. It is joined by the Puma tributary 
just before entering Khandesh. The last part of the course is through the 
plains of Surat. The total length of the river is only 435 miles, the last 
30 miles of which are tidal. 
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TheLuni (Lavanavari) rises in the Aravallis to the south-west of Ajmer, 
and flows through a semi-arid tract more or less parallel to and west of 
the Aravallis. Its length is 200 miles, ending in the Sahni marshes north 
of the Rann of Kutch. There are several tributaries, including the Sarsuti 
which rises from the Pushkar Lake. The river contains water only during 
the rains. The water is sweet only down to Balotra a few miles from Pach- 
bhadra lake, but becomes increasingly saline thereafter. Its waters are 
conserved by means of several dams of which the largest is nearBilara. 

The Banas rises north-west of Mt. Abu and flows through Palanpur 
into the Little Rann after a course of 170 miles. 

The Sabarmati rises in the Mewar hills and enters the sea at the head 
of the Gulf of Cambay after a course of 200 miles. Its major tributaries 
are the Sabar and the Hathmati coming from Idar and Mahikantha res¬ 
pectively. 

The Mahi rises in Gwalior and flows through Dhar, Jhabua, Ratlam 
and Gujarat into the Gulf of Cambay. It is 350 miles long, the last 40 miles 
being tidal. 

Notes on the other rivers of the Peninsula, which flow into the Ganges 
in the plains of Uttar Pradesh and Bihar, will be found under the Ganges 
river system. 


WATERFALLS 

There are numerous waterfalls in the Western Ghats, many of them 
small, only 20 or 30 feet high and generally found in the courses of the 
westerly flowing streams. The Jog falls (Gersoppa) on the Sharavati 
river on the borders of Mysore and Bombay comprise four magnificent 
falls called Raja, Rocket, Roarer and Dame Blanche arranged on a curve 
and having a sheer drop of 850 feet. The Sivasamitdram falls on the 
Cauvery, a series of cascades about 300 feet high, are well-known since 
they were the first falls in India to be harnessed for power. The Pykara 
falls in the Nilgiris are a series of cascades which have recently been utilised 
for hydro-electric power. The Gokak falls (180 feet) on the Gokak river 
are near Belgaum. The Yenna falls near Mahabaleshwar have a drop of 
600 feet. 

The southern Tons (Tamasa) leaves the Vindhj'an plateau in a series 
of beautiful waterfalls the best known of which is the Behar fall which 
when in flood presents a solid sheet of water 600 feet wide and 370 feet high. 
There are several cascades in the course of the Chambal above Kotah, the 
largest being 60 feet high. Various cascades and waterfalls mark the 
course of the Sone and the Betwa, particularly where they pass the 
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Vindhyan sandstones. The DJmandhara falls in the well-known Marble 
Rocks near Jabalpur, though only 30 feet high, are very picturesque 
and well-known. Two other falls in this river, each 40 feet high are found 
near Mandhar and Punasa. The Krishna river during the floods is a rushing 
torrent descending some 410 feet within a horizontal distance of 3 miles 
near Echampet in Raichur district, Hyderabad. The waters form a series 
of cascades over granite ledges and are churned into huge clouds of spray, 
pro\'iding a wonderful sight. 

The Western Ghats form the major watershed of the Peninsula but 
the \hndh 3 'an plateau in the north acts as another watershed which se¬ 
parates the Ganges basin from the Peninsula. The rivers in the Western 
Ghats show a comparatively early stage of development marked by cas¬ 
cades and waterfalls, but in the plains they show maturity of development. 
This is thought to be due to the rejuvenation of the Ghats by an upward 
tilt connected in some way with the faulting of the Arabian Sea Coast, 
and probably also by block uplift of the region during the Middle Tertiarj-. 

The larger rivers flowing into the Bay of Bengal have built up deltas 
but the smaller ones do not bring in enough sediments to resist the removal 
by the prev'alent coastal currents. Those flowing into the Arabian sea 
are short and do not contribute much sediment to be able to form deltas. 
The Narmada and Tapi are the only large rivers to flow westwards though 
rising in the central part of India. Their courses are determined by a 
rift or fault zone and contain a large thickness of Pleistocene and recent 
alluvium. There is evidence that the Narmada formerly flowed more 
towards the south-west in Kandesh and was joined by the Tapi. The 
courses of these two rivers are now separate. The absence of an e.xtensive 
delta at their mouths is due to the fact that the sediments brought by 
them are removed by the strong S.W. monsoon currents partly to silt up 
the Gulf of Cambay and partly to spread over the wide continental shelf 
in front of the Bombay coast. 


Extra-Peninsular Rivers 

Between Hazara in the north-w-est and the Chinese Frontier in the 
north-east, the Himalayas give rise to some 20 important rivers. They 
rise from the Great Himalaya, Karakoram. Ladakh, Zanskar, Kailas and 
Trans-Himalaya ranges and ultimately join together to form the three great 
river systems of the Indus, Ganges and Brahmaputra, after cutting through 
the mountains. The head-streams are generally snow-fed from the great 
glaciers of these mountains and have precipitous and picturesque courses. 
It is remarkable that though the Indus, Sutlej and Tsang-po rise in the 
Mount Kailas neighbourhood they flow in very different directions to 
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reach the plains. They are described here briefly and the reader ma.y 
obtain much interesting information on them from the work of Bnrrard 
and Hayden. 


I'HK INDUS SYSTEM 

The Indus (Sanskrit : Sindhit) is the westernmost of the Himalayan 
rivers and its Sanskrit name, which also means the sea, is perhaps in allusion 
to its vast size when in flood. It is also possible that a large part of its 
present delta in Sind and southwestern Punjab was, during the \’edic 
times, an arm of the Sea or a broad estuary, which was gradually filled up 
and became dry land only in recent centuries. It is one of the mightiest 
rivers of the world, draining the glaciers and mountain slopes of many 
famous peaks like Aling Kangri (24,000 feet), Tirich Mir (25,230 feet), 
Gasherbrum (26,470 feet), Masherbrum (25,660), K2 (28,250 feet), Raka- 
poshi (25,550 feet), Nanga Parbat (26,620 feet), etc, and receiving a galaxy 
of great rivers as its tributaries. It has a total length of over 1,800 miles 
and the drainage basin is estimated to have an area of 373,000 sq. miles. 
Its name in Tibet is Singi Khambah (Lion's mouth) which is also the name 
of the original northern tributary at the source, at an altitude of 16,941 
feet in a glacier near Bokhar Chu (31'^ 15' : 8P' 40') in the Trans-Himalaya 
Range north-east of Jit. Kailas (22,028 feet). The southern tributary 
which also rises in this region is called Gariang L'Jtu. It flows for about 
180 miles over a flat country along the inner (northern) flank of the Ladakh 
Range. Then it cuts across that Range at Thangra and flows along the 
outer flank for another 300 miles. Near Skardu (altitude 8,900 feet) it 
cuts the Ladakh Range again, resuming the general trend of its course on 
the other side, .^fter circling round the Nanga Parbat (26,620 feet) it 
flows south-west through Hazara towards the plains of the Punjab. The 
exit of the Indus from the main Himalayan range is through a comparatively 
broad valley in contrast with the great gorge of the Brahmaputra at the 
other end in .\ssam. 

The chief tributaries of the Indus are the Zanskar which rises on the 
Zanskar Range, cuts through it and joins below Leh ; the Dras River which 
comes from the northern side of Zojila Pass and the plains of Deosai ; the 
Shyok w'hich rises on the northern side of the Karakoram Range and cuts 
across to the south and joins the Indus near Kiris ; the Shigar which 
drains the southern slopes of and the Biafo and Baltoro glaciers ; the 
Gilgit (with its Hunza tributary) which rises behind and cuts through the 
Karakoram range. 

The Indus is a large river over 500 feet wide and 10 feet deep at Skardu, 
even in winter. It passes through Gut in Chitral, and then traverses 120 
miles of the wild territory of Kohistan, entering the N.W. Frontier Province 
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near Darband. At Attock, 860 miles from the source and 940 miles from 
the mouth, it receives the Kabul tributary flowing in from Afghanistan 
and then flows due south. Here the bed of the Indus is 2,000 feet above 
the sea level and its width varies from 100 to 250 yards according to the 
season. Below Attock, the Haroh and Sohan (Soan) rivers join the Indus. 
At the confluence of the Punjab rivers near Mithankot it is 600 yards wide 
and its normal discharge is about 25,000 cusecs which increases in flood 
time to about a million cusecs. This confluence is 280 feet above sea 
level and 490 miles from the sea. The river sometimes rises as much as 
20 or 22 feet in floods. The delta, which is 3,000 sq. miles in e.xtent, contains 
several old channels and is entirely flat with practically no large trees. 

The main channel of the riv'er formerly flowed down the middle of 
the Thai. In 1800, the Indus divided into two streams at the head of the 
delta. In 1819, one of the channels (the Khedewari) was closed as a result 
of an earthquake. Its channels have been shifting every few years and 
many towns which once flourished in its banks e.g., Ghorabari, Keti, Bhiman- 
jopura, have been abandoned. In fact, practically the whole of its course 
below Attock, except small stretches near Sukkur and Kotri, changes from 
time to time. The frequent and recurring floods, such as those of 1833 and 
1858, cause much havoc. The barrage at Sukkur which was opened in 
1932 has contributed much to the conservation of the waters and their 
■distribution by a canal system which commands more than two million 
acres of cultivated land. 

The Jhelum (Sanskrit : Vitasta) rises in a spring of deep blue water 
at Seshanag at the head of its Lidar tributary. It flows for 70 miles in a 
north-west direction when it enters the Wular Lake. Its basin here lies 
between the Great Himalayan Range and the Pir Panjal. ' Below Srinagar 
it is joined by the Sind River. From Baramula it flows through a narrow 
defile known as Basmangal, 7,000 feet deep with very steep sides. At 
Uri, below this defile, it nins parallel to the Pir Panjal to Muzaffarabad 
where it is joined by the Kishenganga which drains Hazara. After emerging 
from Jammu it flows past Pind Dadankhan and Bhera and is joined by the 
Chenab at Trimmu, the total length of the river being 450 miles. The 
Jhelum is an important river in Kashmir for it is the main water-way and 
fosters much trade. 

The Chenab (Sanskrit ; .4or Chandnihhaga): The two tribu¬ 
taries of this river at the source are the Chandra and Bhaga which rise on 
the opposite sides of Baralacha Pass (16,000 feet) in Lahaul. The Chandra 
is a stream of good size though it flows through a snow-clad barren unin¬ 
habited country. The Bhaga is a precipitous stream. They join at Tandi 
and then flow through Chamba State in a north-westerly direction for 
100 miles in the trough between the Great Himalaya and the Pir Panjal, 
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on the same alignment as the Jheluni in the Kashmir \'alley. De Terra 
states that there is evidence that the Jheliim originally flowed in a south¬ 
east direction (reverse to the present direction) into the Chenab valley. 
This is supported by the fact that several of the present tributaries of the 
Jhelum join it in a direction opposite to the present course. Moreover, 
the Chenab valley shows greater maturity of topography than the Jhelum 
valley, and is evidently older in age than the latest uplift of the Himalayas 
in Pleistocene. The Chenab makes a very sharp knee-bend at Kishtwar 
(similar to that of the Kishenganga at Shardi, the Indus at Bunji, the 
Jhelum at Wular and the Ravi at Chamba) and flows across the Pir Panjal 
through a fine gorge. It leaves the Himalayas at Akhnur, 180 miles below 
Kishtwar and 400 miles from the sources, the a\’erage gradient being 26 feet 
per mile. There is evidence that the Chenab flowed to the east of Multan 
before 1245 A.D. The Beas then occupied its old bed passing by Dipalpur. 
The Jhelum, Chenab and Ravi met to the north-east of Multan and after 
flowing east of that place joined the Beas ultimately near Uch, 28 miles 
south of Multan. By 1397 A.D., the Chenab had changed its course to 
the present one which is to the west of Multan. 

The Ravi (Sanskrit : Parushni or Iravati), though the smallest riv'er 
of the Punjab, is well-known as the river of Lahore. It rises in the moun¬ 
tains of the Bangahal basin draining the northern slopes of the Dhauladhar 
Range and the southern slopes of Pir Panjal. It leaves the basin through 
an inaccessible gorge with perpendicular sides and flows through Chamba 
State in a north-westerly direction parallel to the Dhauladhar Range 
cutting through that range a few miles to the north-west of Dalhousie. 

It leaves the mountains at Basaoli after a course of 130 miles during which 
it drops to 15,000 feet in altitude (115 feet per mile). It finally joins the 
Chenab at 30 31' : IV 51', the total length up to this junction being 450 
miles. 

The Beas (Sanskrit ; Vipasa or Argikiyu) rises on the southern face' 
of the Rohtang Pass in Kulu not far from the source of the Ravi. Barely 
six miles from its source it passes through a gorge at Koti, which is a chasm 
barely 20 feet wide and 300 yards long. It cuts through the Dhauladhar 
Range by another gorge near Larji, and then flow through Kulu, Mandi 
and Kangra. It finally passes through Kapurthala and Amritsar and 
joins the Sutlej in the south-west corner of Kapurthala after a total length 
of 290 miles. The old course of the Beas can be traced from its present 
junction with the Sutlej through the Lahore and Montgomery districts to 
where it originally used to join the Chenab near Shujabad before the Chenab- 
turned westwards. 

The Sutlej (Sanskrit : Satadru or Satudri) rises near the Manasarowar 
Lake at a height of 15,200 feet. According to Swami Pranavananda, its 
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name in Tibet is Langchen Khambab and it rises in the glacial springs of 
Dulchu Khambab, 22 miles west of Parkha which is an important trading 
■centre between Kailas and Manasarowar. In Tibet it has a \'erv narrow 
basin between the Giri River on the east and the Beas on the west whose 
beds are, however, at an elevation of 600 to 700 feet above the level of 
the Sutlej. It is very likely that the stream which periodically flows con¬ 
necting the Manasarowar and Rakshas Lakes is connected with the Sutlej 
underground. The river also receives waters from the southern glaciers 
•of Mt. Kailas and the northern glaciers of Mt. Kamet. The peak Riwo 
Phargyul is in its basin. 

From Rakshas Lake to Shipki, the Sutlej flows north-westwards 
through the Province of Ngari Khorsum which is at an elevation of 14,000— 
15,000 feet above sea level. The valley here is filled nith thick recent 
alluvium and gra\'els. In this region the Sutlej has cut a deep and e.xtra- 
•ordinary canyon which is 3,000 feet deep in places and bears comparison 
with the Grand Canyon of Colorado. As this region is dry, it has not 
been subjected to erosion and smoothening b}’ water. It is joined by a 
few tributaries which have also cut steep-sided canjons through which 
they flow. It cuts through the Zanskar Range near Shipki, barely miles 
from the Peak of Riwo Phargyul (22,210 feet), the bed being at an elevation 
■of 10,000 feet above sea le\el. Ten miles below .Shipki, the right bank 
•of the Sutlej rises as a perpendicular wall of rock to a hci,ght of 6.000 to 
7,000 feet from the ri\’er bed. 

The main tributary of the Sutlej is the Spiti River which drains a large 
area beyond the Central Himalayan Range. It has also cut deep into 
the rocks of the country of Kulu and Himachal Pradesh through which 
it flows. From the junction with the Spiti River in Kanaur (Bashahr). 
the Sutlej is a rushing torrent right down to the plains, for it descends 
through an elevation of something like 8,000 feet in this stretch, with 
an average fall of 30 to 35 feet per mile. There are several river terraces 
in this region which show that originally there were some lakes along the 
course of the river. The Sutlej crosses the Dhauladhar Range near Rampur 
through a narrow gorge. It is deflected se\ eral times in its course by the 
Siwalik Ranges and leaves them at Rupar. The river joins the Beas in 
the south-west comer or Kapurthala and the combined river joins the 
Indus near Mithankot. The total length of the Sutlej is about 900 miles. 

It is known that formerly, before the I Ith Century, it did not join the Indus 
system, but flowed into the Sarasvati (Hakra or Ghaggar) in Bikaner 
through one or more of its several old channels. The oldest was the old 
Sirhind channel between Sirsa and Bhatnair and the later ones the three 
Naiwals. From Sirsa the channel can be traced back to Tohana and 
Whence very indistinctly to Rupar. 
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THE SARASVATI 

The Sarasvati rises in the Siwalik hills of Sirmiir on the borders of the 
Ambala district in the region of the junction of the talus fans of the Yamuna 
on the east and the Sutlej on the west, and enters the plains at Adhbadri. 
It disappears in the sands after passing by Bhawanipur and Balchhapar 
but reappears after a short distance, flowing through Karnal. The Ghaggar 
which also rises in the same region (near 30' 4' : 77 12') joins it at Rasula 
in Patiala after a course of 110 miles. Further on, the river is called the 
Hakra or Sotar whose dry bed is of considerable size and must have once 
contained a large ri\-er. It is lost in the sands near Hanumangarh (Bhat- 
nair) in Bikaner. Near Bhatnair, it is joined by the Chitrang (also mostly 
dry) from the east ; this stream which can be traced north-eastward 
almost up to the Yamuna, was probably an old channel of the Yamuna 
flowing towards Bikaner to join the Sarasvati. Between Bhatnair and 
Sirsa (a corrupt form of ‘ Sarasvati ’) it is joined by the Sirhind or Wah 
which can be traced back nearly to Rupar near which place the Sutlej 
emerges from the Himalayan foothills. This must originally have been 
the main channel of the Sutlej until it was abondoned by that river. There 
are at least three other old channels from the north, all called the Naiwals. 
joining it near Kurrulwala (29'^ 33' : 73" 52'), which can also be traced back 
to the Sutlej. 

The old bed of the Hakra (or Sotar) for over 100 miles in Bikaner 
territory is 3 to 5 miles wide and consists of dark, rich, loamy soil in marked 
contrast with the sand}’ soil on either side and on both the banks. The 
local people still call this channel the Sarasrati. The r’egetation on the 
loamy soil on the banks has prevented the old bed from being overwhelmed 
by the drifting sands from the desert. On both banks of the river there 
are numerous mounds containing abundant evidences of prehistoric and 
early historic settlements. These mounds are small near Hanumangarh 
but larger and fev\er near Suratgarh and further west. The mounds, 
which have been investigated by Sir Aurel Stein and by the officers of the 
Archaeological Surve}’ of India, have revealed temples, dwellings, potsherds 
and other objects of the Mohenjo-Daro type (third millenium B.C.) and of 
later periods. This channel can be very clearly followed through Mirgarh, 
Dilawar etc., in Bahawalpur (where it is known as Hakra or Wahind) into 
the channel of the Eastern Nara in Sind which leads into the Rann of Kutch. 
This is distinct from, and east of, the old channels of the Indus river. When 
the Sarasvati was a live river, it must have irrigated an area of perhaps 
over 7,000 sq. miles of what is now practically a desert. 

The Sarasvati has been described in Vedic literature (probably 5,000 B.C. 
or earlier) as a great river—greater even than the Indus and the Ganges 
Between that and the time of Manu and the Mahabharata its upper course 
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had dried up, probably because of the easterly diversion of the waters of 
the Yamuna. The lower course in Bikaner, Bahawalpur and Sind conti¬ 
nued to be well watered, for during the invasion of Alexander of Macedon 
in the fourth century B.C. and of the Arabs in the ninth century A.D., 
the Rann of Kutch was a fairly deep gulf, and ships mo\'cd up the river 
into Sind. In Todd’s ' Annals of Rajasthan ’ it is stated that the Hakra 
in Bikaner became dry for the first time about the year 1044 A.D. 

There .seems to be little doubt that the major part of the waters of 
the Sarasvati (Hakra, Sotar or Wahind) was derived from the Sutlej which 
as Sirhind originally joined it between Bhatnair and Sirsa, and later as 
one of the Naiwals near Kurrulwala and WuUur. There is historical 
evidence in the writings of the Greeks and the Arabs that the Sutlej was 
not a Punjab river until about 1200 A.D., when it abandoned its southerly 
course and joined the Beas. The Beas below this junction is still known 
to the local people as the Beas, though Sutlej is undoubtedly the greater 
river. Before that, during the earlier centuries of the Christian era, the 
Beas flowed in a channel now dry and lying to the north of the present 
joint course of the Beas-Sutlej. 

Little is known about the details of the geological history of the Sirmur 
region where the Saras\-ati and the Ghaggar rise. In view of the fact 
that the Himalayan region has been experiencing ujilift in the Pleistocene 
and perhaps even after man had appeared, it \vould lie interesting to know 
whether the Sarasvati originally derived its waters from the Himalayas 
beyond the Siwalik Zone and whether the old drainage was cut off by the 
subsequent rise of the Siwalik hills and by other changes. 


THE GANGES SYSTE.M 

The term ‘ Ganges ’ is a corrupt form, used by the Greek historians, 
of the Sanskrit name ‘ Ganga ’ by which the rir'er is known throughout 
India and in the lands where Indian civilisation had spread. Its drainage 
basin covers one of the most thickly ptopulated regions of the World where 
the Indo-Aryan civilisation has flourished for many centuries. It comprises 
the Ganges and many important affluents, such as the Yamuna (Jamuna), 
Kali, Kamali, Ramganga, Gandak and the Kosi, all of which rise in the 
Himalayas and are mainly snow-fed. On the side of the Peninsula the 
tributaries are the Chambal, Betwa, Tons, Ken, Sone etc., which rise from 
the highlands of the central part of India. 

The Ganges proper is formed of two tributaries called the Bhagirathi 
and the Alaknanda. The latter is the larger river and is itself formed 
from the confluence of the Dhauli, which rises in the Zanskar Range near 
Niti Pass and receir'es numerous streams draining the northern and the 
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western slopes of Nanda Devi, and the Vishnu-Ganga which rises on Mount 
Kamet (25,447 feet) behind Badrinath near the Mana Pass. The Dhauli 
and the Vishnu-Ganga join together at Joshimath, also called Vishnu 
Prayag (the word ‘ Prayag ’ denoting in Sanskrit the junction of two 
rivers). The Alaknanda then flows through a mighty gorge across the 
central Himalayan range between the peaks Nanda Devi (25,645 feet) and 
Badrinath (23,190 feet). The Pindar River, which gathers its waters from 
Nanda Devi and East Trisul (22,320 feet) joins the Alaknanda at Kama 
Prayag. The Blandakini or Kali Ganga joins it at Rudra Prayag, south of 
Badrinath and Kedarnath (22,770 feet). The Nandakna joins the Pindar 
River at Nanda Prayag to the west of the Trisul mountain. The junction 
of the Alaknanda and the Bhagirathi is called Deva Prayag, to the north 
of the Mussoorie Hills, which the river crosses before passing into the Siwalik 
Ranges of Dehra Dun and Hardwar. 

The Bhagirathi is accepted traditionally as the original Ganga, though, 
as mentioned above, the Alaknanda is the larger river. The actual source 
of the former is in the Gangotri glacier (which is 16 miles long) some distance 
north of Kedarnath at a point called Gaumukh (30’ 56' ; 79° 4|') at an 
altitude of 12,800 feet. The Gangotri shrine is a few miles down the stream 
from Gaumukh. The Bhagirathi joins its western tributary called the 
Jahnavi some distance to the north of main Himalayan range and about 7 
miles below the Gangotri temple. The combined river then cuts through 
the main Himalayan range between Bandarpunch (20,720 feet) and Sri- 
kanta (20,120 feet) through a magnificent gorge in which the river bed is 
13,000 feet below the peaks on either side (Griesbach, Memoirs, G.S.I., 
\'ol. XXHI, p. 197, 1891). This gorge is said to be a slitlike opening in 
the rocks with practically vertical sides reaching dow n 600 feet to the bed 
(3f the river. 

The Yamuna (Jamuna or Jumna), the westernmost river of the Ganges 
system, rises on the western slopes of Bandarpunch in the Jamnotri glacier 
and passes by the Jamnotri shrine at the foot of that mountain. It is 
later joined by the Tons River behind the Mussoorie Hills and then breaks 
through these hills to be joined by the Giri and Asan Rivers, which drain 
the area betv^een the Bandarpunch and Chor peaks. The Yamuna emerges 
from the Mussoorie Hills into the plains where it flows in a broad curve by 
Delhi, Mathura and Agra to join the Ganges at Allahabad (Prayag). Its 
tributaries in the plains are the Chambal and the Sind which join it below 
Etawah, the Betwa at Hamirpur and the Ken above Allahabad. Its 
total length to Allahabad (Prayag) where it joins the Ganges is 860 miles. 
There is some reason to believe that the Yamuna might possibly have 
flowed to the south and south-west into Rajasthan or, at any rate, shared 
its w'aters with the Sarasvati, which was undoubtedly a large river during 
the Vedic times. 
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The Ramganga is a comparatively small river rising on the southern 
side of the main range between the Ganges and Kali basins. Its principal 
tributary is the Kosila which joins it only in the plains. The river is 
deflected to the south-east by the Siwalik hills which it cuts through before 
emerging into the plains. 

The Kali (Kaliganga or Sarda) rises in the Milam glacier where it is 
called the Goriganga. A few streams contributing to its waters rise in 
Kungri Bingri, Lipulekh and other peaks nearby. These are to the north 
of the main Himalayan range and drain the area between Nanda Devi and 
Apinampa (23,399 feet). The two major tributaries of the Kali are the 
Dharma and Lissar which flow in a S.S.E. direction parallel to it before 
joining it. The combined stream is later joined by Sarju and the Eastern 
Ramganga at Pacheswar. The Sarju tributary flows from the X.W. to S.E. 
on the same line as the Pindar which is further to the north-west and is a 
tributary of the Ganges. From the junction at Pacheswar, the river is 
called the Sarda or Sarju. After emerging into the plains at Barmdeo, 
it splits up into two or more channels. The Sarda joins the Gogra at 
Bahramghat. 

The Karnali which is called the Kauriala in the mountains, becomes 
the Gogra in the plains. It rises in the glaciers of Mapchachungo, north¬ 
west of Taklakot, draining the western and the southern flanks of Mount 
Gurla Mandhata (25,355 feet), where its basin adjoins that of the Sutlej. 
It then flows in a south-easterly direction and cuts across the main Hima¬ 
layan Range in a south-westerly direction. Before tra\’ersing the main 
range, this stream and its tributary drain a large tract 100 miles long to 
the south of the Brahmaputra basin. Its gorge through the great 
Himalayan Range is deep and picturesque. After flowing 50 miles in a 
south-westerly direction, it is joined by the Tila and executes a remark¬ 
able hair-pin bend turning towards the west at about Latitude 28' 30' and 
Longitude 81° 30'. It is then joined by the Seti River just east of Api 
and cuts through the Mahabharat Range and receives the Beri tributarj', 
which rises near the Diji Pass and drains the area to the west of Dhaulagiri 
(26.795 feet). The passage through the Siwalik Hills is through a pictures¬ 
que gorge known as Shishapani with precipitous sides 2,000 feet high and 
through a series of fine rapids. In the plains it is joined by the Sarda 
(Sarju) at Bahramghat and acquires the name of Gogra, which is a corrup¬ 
tion of the word ‘ Gharghara ' meaning ‘ rattling ’ or ‘ laughing It 
passes through Oudh (Ayodhya) and finally joins the Ganges at Chapra a 
little above Dinapore. This is the Sarju (Sarayu) of the epic Ramayana. 

Its maximum flood discharge is said to be a little short of one million cusecs. 

The Gandak (Sanskrit : Sadanira) is also called the Sahgrami in 
Nepal, and the Narayani in the plains. The name in Nepal is apparently 
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due to its bringing down a large number of saligranis lainnionite fossils) 
from the Spiti Shales of Jurassic age. In the mountains it drains the 
area between Dhaulagiri and Gosainthan. Its two main tributaries are 
the Kaligandak rising close to Photu Pass near Muktinath, and the Trisul- 
ganga. The Kaligandak cuts across the great Himala\'as by a gorge and 
is later deflected east to west bj- the Mahabharat Range. The other 
tributary, Trisulganga, rises to the north of Gosainthan (26,291 feet) and 
then flows south-west through the main Himalayan Range. It is then 
joined by the Buri Gandak and Marsyandi. The combined river (the 
Gandak) then cuts through the Mahabharat Range and finally emerges 
through the Siwalik Ranges at Tribeni. It joins the Ganges near Patna. 
In the plains there are evidences of the river having frequenth" changed 
its course. 

The Kosi (Sanskrit ; Kaiisika) is the largest of the tributaries of the 
Ganges, said to be next only to the Indus and the Brahmaputra in size 
and in the volume of its discharge. It drains the area between Gosainthan 
and Kanchenjunga in the Himalayas. The main stream, the Arun (called 
Phungchu in Tibet), rises to the north of Gosainthan and flows south-west 
for nearly 200 miles in a fairly flat stretch just to the south of the Brahma¬ 
putra basin and of the Ladakh Range. This region is called the Dingri 
Maidan, composed of Spiti Shales, through which the river meanders. It 
is joined by the Yarn River from the east, the combined stream then flowing 
south between Mount Everest (29,002 feet) on the west and the Kanchen¬ 
junga (28,146 feet) on the east, receiving numerous small tributaries from 
the glaciers of these mountains. .After cutting through the main Himala¬ 
yan Range it is joined by the Sun Kosi from the west of the Tamiir Kosi 
from the east. The fonner is composed of several tributaries, viz., the 
Indravati, Bhote Kosi, Tamba Kosi, Likhu, Dudh Kosi and others. The 
Bhote Kosi rises at Thanglang, a few miles south of the upper reaches of 
the Arun. It cuts through the main Himalayan Range by a vertical¬ 
sided chasm 1,500 feet deep and only 75 feet to 100 feet wide. The Dudh 
Kosi rises between Mounts Gaurishankar and Everest. The Tamur Kosi 
rises on the western slopes of the Kanchenjunga and traverses the main 
Himalayan Range by a comparatively broad \ alley, in contrast with several 
other rivers which have cut narrow gorges. 

The Sun Kosi and the Tamur Kosi run for a fairly long distance parallel 
to and north of the Mahabharat Range and join the Arun at Dangkera. • 
The Kosi cuts across the Mahabharat Range and the Siwalik Hills and 
emerges into the plains near Chatra. In the plains it is building up a large 
delta of its own through which its channels have wandered for centuries. 

It is believed that the Kosi originally joined the Mahanada, a river coming 
from the Darjeeling Himalayas. It is known that the Kosi flowed by 
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Purnea 200 years ago, but its present course is about 100 miles to the west 
of that place, having swept over an area of 4,000 sq. miles on which it has 
deposited huge quantities of sand and silt. It now joins the Ganges 20 
miles west of Manihari but formerly it used to join that ri\'cr near Manihari 
itself. The Kosi is notorious for its frequent and disastrous floods and the 
vagaries of its channels. In high flood it is said to ha^•e a flow of nearly 
one million cusecs loaded with much grav'd, sand and silt. 

The Chambal rises in Central India near Mhow. It flows through 
Bundi, Kotah and Dholpur, finally joining the Yamuna 25 miles east of 
Etawah. The total length of the river upto its junction with the Yamuna 
is 600 miles. Burrard remarks that, if the criterion of the source of a river 
is the distance between the mouth and the farthest point amongst the 
sources of its tributaries, then the source of the Ganges will have to be 
regarded as identical with that of the Chambal ; but a.s we have seen, 
tradition has decreed the source of the Ganges to be Gongotri. 

The Sind, which is one of the larger rivers of the Northern India, 
takes its source near Nainwas in Tonk State. It is probably the river 
Sindhu mentioned in the epic Vishnupurana. It is a perennial stream but 
subject to sudden floods. It joins the Yamuna a little to the north of 
Jagmanpur. 

The Betwa (Sanskrit : Vetravali) rises a fevs miles south-west of 
Bhopal City and flows through Sanchi, Gwalior, Jhansi and Orchha. It 
flows through the \'indhyans in its upper reaches and through a granitic 
country further down. It joins the Yamuna at Hamirpur, some 30 miles 
of Kanpur (Cawnpore). 

The Ken (Sanskrit ; Karnavali) rises on the northern slopes of the 
Kaimur Hills and flows through Bundelkhand before it joins the Yamuna 
near Banda. 

The Southern Tons (Sanskrit ; Tamasa) rises in the Kaimur Range 
in Maihar. It leaves the plateau in a series of waterfalls, the largest of which 
is called Bihar which, when full, is a sheet of water 600 feet broad and 
370 feet high. One of its tributaries the Belan, has also a waterfall 100 feet 
high. The Tons joins the Ganges near Sirsa, a little below Allahabad. 

The Sone (Sanskrit ; Su arna nodi) is a large river rising on the 
Amarkantak plateau not far from the source of the Narmada. It flows 
in a north-westerly direction past Sohagpur through Rewa and Baghel- 
khand, along the foot of the Yindhyan scarp, in a narrow channel through a 
wild country. It has several tributaries—the Mahanadi, Banas, Gopat, 
Rihand, Kunhar, etc. In the plains of Bihar its bed is as wide as three 
miles. During the rains the riv'er rises to huge proportions and the maximum 
discharge has been estimated at three-quarter million cusecs. 
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About 1,000 3 ’ears ago the Sone joined the Ganges a little below Patna. 
Since then it has been gradually receding westwards. About 1750 A.D. 
its junction was at Maner, but now it is 10 miles further up the Ganges. 
The length of the river from its source to its junction with the Ganges 
is 485 miles and its drainage basin has an area of 21,000 sq. miles. 

The Mahananda rises in the Darjeeling Himalayas near 26’ 56' : 
88^ 20'. It emerges into the plains near Siliguri and after passing through 
Purnea and Malda, joins the Ganges near Godagiri. 

The Delta of the Ganges begins near Gaur, a famous old historic city. 
The present main branch of the ri\'er flows in a south-easterly direction 
and is called the Padma. It flows past Pabna and Goalundo and is then 
joined by the Jamuna which is the major channel of the Brahmaputra. 
The total length of the Ganges from its source in Gangotri to the mouths 
in the Bay of Bengal is 1,557 miles. A few centuries ago the main channel 
of the Ganges in Bengal was the Hooghly together with its feeders, the 
Bhagirathi, Jalangi and Mathabhanga, which are called the Nadia Rivers. 
The Bhagirathi is known to have been the main channel originally, for on 
its banks stand the various former capitals of Bengal such as Gaur, Pandua, 
Nabaduip and Satgaon (Saptagram). The former main course of the 
river, known as the Saras\-ati, left the Hooghly at Satgaon and had a more 
westerly course and rejoined the Hooghly at Sankrail, a few miles below 
Calcutta. Oceangoing ships used to sail up the Sarasvati to Satgoan and 
Tribeni until some 450 years ago. Formerly, the Damodar joined the 
Hooghly at Nayasarai, 39 miles above Calcutta and contributed to the 
flushing of the Hooghly and keeping its channel deep. But by 1770 the 
Damodar changed its course and joined the Hooghly at Falta 35 miles 
below Calcutta. It was after the Sarasvati channel was abandoned by 
the Hooghly that the trading settlements of the Portuguese, Dutch and 
French and Danes were established at Hooghly, Chinsurah, Chandranagore 
and Serampore (Srirampore). After the Damodar changed its course, 
the Hooghly at and above Calcutta has been shoaling up. 

Formerly the Hooghly flowed south-east from Calcutta near the exit 
of the present Tolly’s nullah and joined the sea near Sagar island. This 
■channel, called the .■\diganga, can be pickeil up now as a series of ponds 
and pools across the 24-Parganas up to near Sagar Island. On its banks 
stood the sacred Kali temple at Kalighat and also several other places 
which are still considered sacred. Now the Hooghly flows S.S.W. from 
Calcutta and then turns south-east towards Sagar island. 

The Hooghly estuary is notorious for its sand banks and dangerous 
shoals of which the James and Mary Sands, 35 miles below Calcutta and 
between the mouths of the Damodar and Rupnarain, are well-known. 



INTRODUCTION AND PHYSICAL GEOLOOV 


33 


i] 

New areas are being reclaimed b 3 ' the sediments brought down by the 
■Ganges. These are known as the Sundarbans, which are extensive swampy 
fiats forming the lowest portions of the Delta. 

THE BRAHMAPUTRA SYSTEM 

The Brahmaputra : The source of the Brahmaputra, which is 
■called Tsangpo in Tibet, is at Tamchok Khambah Chorten in the Chema- 
yung-dung glacier, approximately at 31' 30' : 82'’O', some 92 miles from 
Parkha (an important trading centre between the Manasarowar lake and 
Mount Kailas) and near the source of the Karnali and the Sutlej. It has 
a long course through the comjraratixels' dry and flat region of southern 
Tibet before it breaks through the Himalayas near the peak Namcha Barwa 
(25,445 feet). Its chief tributaries in India are .\mochu, Raidak, Sankosh, 
Manas, Bhareli, Subansiri, Dibang and Luhit (Zayul). The several tri¬ 
butaries in Tibet are derived iiartly from a low range between the main 
Himalaya and the Tsangpo and partly from the Nyen-Chen-Tanghla Range 
to the north of the Tsangpo. The total length of the river from the source 
in south-western Tibet to the mouth in the Bay of Bengal is 1,800 miles. 

The Brahmaputra is known as the Dihang in the .Assam Himalaya 
before it comes into the plains. The Dibang and Luhit meet it from the 
east near Sadiya. The Dibang drains the Himalayas east of the Dihang 
while the Luhit drains an area between .Assam and Burma. 

The course of the Tsangpo in Tibet is through a plain but it has not 
been deeply cut into as is the case with the course of the Indus and Sutlej 
in western Tibet. It is quite a sluggish river south of Lhasa. The elevation 
-of its bed is 14.840 feet at Tradom ; 11,840 feet at Shigatse ; 8,000 feet 
at Gj^ela Sindong near Namcha Barwa ; but onh' 442 feet at .Sadiya in 
N.E. .Assam. 

Its course in Tibet from the source to where it enters the central 
Himalayan range near Namcha Barwa is 1,000 miles long. It has three 
tributaries above Shamsang, viz., Kubi Tsangpo, ('hema A'ungdung and 
Maryum Chu ; the first of these is the Tsangpo proper, which is also much 
larger than the other two. .All the three rise in the watershed separating 
the Tsangpo basin from Lake Manasaro\'ar. Several other tributaries 
join it further east. It is noticed that many of these flow in a direction 
opposite to the Tsangpo and this has led to the speculation that the Tsangpo 
might originallv have flown westwards. Which route it chose is uncertain, 
for it maj" have followed what is now the course of the Kali Gandak or the 
Karnali or the Sutlej. .According to Burrard, there is some evidence that 
the first maj- be the most likeh% for the Phuto pass (in Ladakh Rangel 
separating the Kali Gandak and Tsangpo is an extraordinary- depression 
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barely 250 feet higher than the Tsangpo valley in Tibet. The Gorge of the 
Kali Gandak through the main range is also too deep to have been cut by 
the Kali Gandak which has a very small catchment above the gorge. 

The chief \vesterly flowing tributaries of the Tsangpo are the Kyi 
(Lhasa river). Nyang (joining at Shigatse), Rang and Shang. Of those 
rising on the south Tibetan watershed, only the Nyang rises in the Central 
Himalayan Range north of Chomo Lhari (23,997 feet) and cuts through the 
watershed before joining the Tsangpo. The Kyi-chu rises on the Nyen- 
Chen-Tanghla Range to the north of the Tsangpo vallej'. It is the river of 
Lhasa and the most important tributary of the Tsangpo. Other tribu¬ 
taries rise on the same range and some even on the Trans-Himalaya Range 
further to the north. 

The Tsangpo flows for nearly J,000 miles in Tibet before it makes a 
great knee-bend encircling Namcha Barw'a and then breaking through the 
Himalayas. The bend is just east of longitude 94°. The river has a water¬ 
fall 30 feet high near Pemako Chung. A tributarj- which joins it near 
Gyela has a waterfall 150 feet high called Shingchu-chogy’e. During its 
course through the Himalaj'as, the river (called here the Dihang) descends 
through 7,500 feet, the altitude at Sadiya being only 440 feet above sea 
level. 

The Raidak rises in the Chomo Lhari mountains and joins the Brah¬ 
maputra at Kurigram. while the Amochu drains the Chumbi valley and 
joins the Brahmaputra at .41ipur. 

The Sankosh is larger and longer than the Amochu and Raidak. 
It drains the area between Kula Kangri South peak (24,740 feet) and Chomo 
Lhari (23,997 feet). It flows b}' Punaka where it is 400 3 'ards wide but 
narrows down further below to flow through a gorge. It joins the Brahma¬ 
putra at Patamari below Dhubri. 

The Manas is formed bj- the combination of several streams which 
join in the outer Himalaj’as. The main tributary is called Lhobrak or 
Kuru-chu b\' the Tibetans, and it rises on the north-western slopes of Kula 
Kangri. It breaks through the main Himala\-an Range at Thunkar, 
south of Lhakhang Dzong. The bed of this gorge is at an altitude of 
10,000 feet and is impassable. After collecting all its tributaries in the 
lesser Himala 3 as, the Manas breaks through the foothill ranges and emerges 
into the plains to join the Brahmaputra. 

The Subansiri : \'er 3 ' little is known about this river e.xcept that it 
has tributaries both from the north and south of the main Himala 3 'an 
Range. It runs for a distance of 100 miles in the plains before joining the 
Brahmaputra at the western end of Sibsagar district. It is said to have 
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a long course in the Himalayas, flowing through a .‘icrics of gorges and 
rapids. It separates the .4bor and Miri Hills of the outer Himalayas. 

The Dhansiri rises in the Xaga Hills and after a course of 180 miles 
through Nowgong and Sibsagar, falls into the Brahmaputra below Golaghat. 

The Torsa rises at roughly 27' 49' : 89 11' below the fang I'ass. 

It flows through the Chumbi \ alley and Bhutan. It enters the plains in the 
Jalpaiguri district and splits into two branches the western one (t'harla) 
joining the Brahmaputra at 25'40' ; 89 44', after a course of 245 miles, 
and the eastern one flow ing into the R.iidak. 

The Tista (Sanskrit : rn'sliiin or Tnsrotu) rises m (diitanui Lake in 
Tibet, (about 28 2' : 88“ 44'), and is said to ha\ e another source below 
Kanchenjunga. It joins the Brahmaputra in the Rangpur district of 
Bengal. Its tributaries are the Rang|)o, Kangit, Kangjo. Ryeng and the 
Sivok. It flows through a magnificent .gorge known as the Sivok Gola 
Pass in the Darjeeling district. It is a wild river in the Darjeeling Hills 
where its \'alley is clothed with dense forest, but its drainage area in the 
mountains is only 4,800 sq. miles. In the 1950 floods its flow was estimated 
as nearly 0.66 million cusecs. Up to the close of the 18th Century it flowed 
into the Ganges, but after the destructive floods of 1787 in which a large 
part of the Rangpur district was laid waste, it suddenly turned eastwards 
and joined the Brahmaputra. Its tributaries in the plains are the Lish, 
•Gish, Saldanga, i tc. There are many old channels e.^pecially in the western 
part of the Rangpur district which were occupied bj’ this river formerly, 
and the Karatova through w hich it joined the Ganges is still known as 
the Burhi Tista (Old Tista). 

The Jamuna or Janai : This is the name of the present lower section 
of the Brahmaputra, from its entry into Bengal to its junction with the 
Ganges at 23’ 15' : 89’ 45'. On its banks are the towns Tangail. Sirajganj 
and Bogra. 

The Meghna : This is the name given to the course of the original 
Brahmaputra after its confluence with the Surma River, from Bhairab 
Bazar onwards. It enters the .sea by four streams, enclosing several islands. 
During floods it expands into a vast sheet of water. The various streams 
constantly shift their courses and na\ igation in them is always attended 
with danger. In the Xoakhali district on its eastern side the land is steadily 
advancing towards the sea. The Meghna is subject to tides which rise 
12 to 18 feet, and also to bores which are often disastrous. The valley of 
the Meghna is frequently visited by severe cj’clones, some of which work 
great havoc. It is said that about 100,000 people perished in the cyclone 
of 31st October. 1876. 
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The Feni is a short river, 72 miles long, rising in the Chittagong hill 
tracts and Tripura. It falls into the Sandwip channel in Noakhali. 

The Surma rises on the southern slopes of the mountain range to 
the north of Manipur. Its upper part, known as Barak, is marked by steep 
banks and several falls. It turns west in the Cachar district through which 
it flows down to Badarpur where it separates into two branches which 
rejoin at Habiganj. It has numerous small tributaries and its total length 
is 560 miles before it joins the Brahmaputra. This river constitutes an 
important trade route and on it are situated Silchar, Sylhet, Badarpur, 
Sunamganj, etc. 

The Brahmaputra in the plains is a mighty river and spreads into a 
vast expanse of water. When in flood it brings down much sediment and a 
large amount of vegetation including large trees. There are numerous 
islands in its bed and the streams change their course very often, .‘\fter 
traversing the Assam C'alley for 450 miles, it sweeps round the Garo Hills, 
enters the Rangpur district and flows southwards for nearly 150 miles 
before joining the Sea. In Bengal, it is locall}' known as the Jamuna as 
far as its junction with the Padma near Goalundo. Originally the Brahma¬ 
putra flov\-ed south-east across the Mymensingh district where it recei\'ed 
the Surma River and directly united with the Meghna, as shown in Rennell’s 
map of 1785. B}- the beginning of I9th Century its bed had risen and it 

found an outlet further west along its present course. The entire lower 
portion of the Brahmaputra consists of a vast network of channels, which 
are dry in the cold season but are inundated in the summer and in the 
rains. The river is more or less nax igahlo as far up as Dibrugarh, 800 miles 
from the mouth, but normally the larger boats can reach only up to Gauhati. 

Most of the Himalayan rivers rise in the Great Himalaya or in the 
Trans-Himalaya. The fact that the chief watershed is beyond the line 
of great peaks is generally cited as evidence in favour of the drainage being 
antecedent, or having been in existence before the main phase of upheaval 
of the Himalayas occurred. The courses of the riv'ers, where they cross the 
high range, are at right angles to the latter, i.e., they ha\ e a radial dis¬ 
position with reference to the Himalayan arc. 

There are se\'eral ca.ses of the recession of the heads of streams in the 
mountains by the action both of the streams and the glaciers which feed 
them. This head erosion has, in some cases, led to the source going to the 
northern slopes of the Great Himalaya and capturing the drainage of other 
streams. .\n excellent example of river capture or piracy is furnished by 
the Kosi whose tributary, the .^run, drains the northern slopes of the 
Great Himalaya of Nepal region. Other e.xamples are found in the Indus 
and Ganges svstems. Rivers have also inherited the valleys of glaciers- 
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in man}- cases ; the tributary streams in these cases are often found in 
hanging valleys some scores of feet above the main streams, the junction 
being marked b}- cascades or waterfalls. 

RI\’ERS OF BURMA 

The chief rivers of Burma are the Irrawaddv, Chindwin, Sittang and 
Salween. 

The Irrawaddy rises in Upper Burma near about 29" X. latitude and 
has a drainage basin of 160,000 square miles. Yet it is an immense river 
when in flood. There are two tributaries, the Xmai Hka and Mali Hka 
whose confluence is about 60 miles abo\e Myitkyina. There are three 
narrow portions or defiles along the course, the first belov\- Sinbo, the 
second below Bhamo, and the third near Thabeitk\in near the Ruby 
Mines district. The ri\er is however navigable up to Bhamo. It flows 
through Mandalay and then Pakokku where it is joined by the Chindwin. 
Relow this junction is the dry belt of Burma and the course runs through 
sandstone country amidst its own older terraces. It is thought that the 
river entered the sea near Prome about a third of a million years ago, i.c.. 
about the end of the Tertiary era, and that the delta below Prome has been 
built up since. 

The Irrawaddy river system is of Tertiar}’ age, the lower portion 
being of post-Pegu age. Its chief tributaries are the Nam-tu and Chindwin. 
The Nam-tu is the chief ri\-er of the Northern Shan States, rising within a 
short distance of the course of the Salween at latitude 23' 20' N. Its 
course south of Meng-tat is through a deep narrow valley. It is joined 
first by the Namma and further down by the Namhsin. The course, after 
the junction with the latter river, is through a deep gorge (Gogteik gorge) 
where a succession of rapids and pools is seen, and in which the stream 
may be 2,000 feet below the top of the hills at the sides. After receiving 
the waters of the Nam-Hka and Nam-panshe, it leaves the hills about 
14 miles to the south-east of Mandalay. The course of the river is entirely 
in the Plateau Limestone. There is abundant evidence that this river 
has captured its tributaries by head erosion. 

The Chindwin river rises at latitude 25' 40' N. anrl longitude 97° E. 
first flowing northwards and then north-westward through the Hukawng 
valley and turning southward. In the Hukawng valle\' its tributaries are 
the Taron and Tawan Hka. It then flows through a rocky gorge and joins 
the Irrawaddy near Pakokku. The L^ru ri\'er which flows through the 
Jade Mines tract is also a tributary of the Chindwin. It is interesting to 
note that the Lower Irrawaddy is the direct continuation of the valley 
of the Chindwin and that the former inherited this portion from the latter. 
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The Sittang rises in tlie Yainethin district and flows north for some 
-distance before taking on its southerly course. There appears to be some 
support for the view that this river course was formerly that of the Lower 
Irrawaddy. As most of the lower part of the rii er is in a low plain, it 
meanders a good deal. 

The Salween rises in the Tibetan mountains to the west of the head¬ 
waters of the Mekong and Yang-tse-Kiang all of which hav'e parallel courses 
there in pro.vimity to each other. The Salween is a wild river, and its 
course through the Shan States is marked by gorges. In the early part of 
its course it runs parallel to the Irrawaddy and the Mekong. It receives 
several tributaries in Yunnan and in the Shan States. The river seems to 
traverse .-Archaean and Palaeozoic rocks throughout its course. It joins 
the sea through two branches, one to the west of Moulmeiu and the other 
several miles South of Moulmein. 

The narrowness of the drainage basin of the Salween is noteworthy. 
It is probable that some of its tributaries have been captured by the other 
parallel rivers. Throughout its course, this river shows extraordinary 
\fltality which has helped to carve its deep gorges. 

('Ti:OLOGIf AL ACTION OF THE RIVERS 

The Peninsular rivers are entirely rainfed so that they are full only 
during and immediately after the south-west monsoon, i.e., from June to 
October. They are fairly active in their upper reaches where they generally 
flow ov'er a rock}' bed and actii’ely erode the bed. They have built deltas 
near their mouths where they deposit the load of silt carried from above. 
The delta regions are frequently liable to floods where the distributaries 
are silted up and are not kept open for carrying away the surplus waters. 
The deltas of the Godavari, Krishna. Mahanadi and Cauvery are rich 
agricultural tracts and they are gradually reclaiming land from the sea as 
is proved by the fact that places which were used as ports for sailing shijrs 
centuries ago are now some distance inland. 

Compared to the Peninsular rivers, the three main Himalayan river 
s\stems are mightv giants. The Indus carries to the sea an average of 
about a million tons of silt per day, the Ganges a little less and the Brahma¬ 
putra a little more. The Irrawaddy has been estimated to transfiort about 
two-third million tons of silt per day. The Himalayan rivers are fed both 
by rain and snow, by rain during June to September and by snow during 
the warmer half of the year. In their courses through the mountains they 
have good gradients and carry much coarse materials including pebbles 
and boulders, brought in by glaciers and also tom off from the beds and 
banks. Thev carri* enormous quantities of fine sand and silt deri\ pd from 
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the Hinialajas as well as from the higher peninsular up-lands. Much of 
the coarse material is deposited near their debouchure into the plains. 
The aggrading action is confined mostly to the lower reaches of the rivers 
and the deltas. 


CH.WGKS IN THE COURSE Oh RI\ EKS 

fhe Indus, Ganges and Brahmaputra hav'e changed their courses in 
the plains frequently in historic and pre-historic tunes. Compared to 
these the changes in the courses of Peninsular ris ers are not .so marked. 

In North-Western India and the adjoining parts of Pakistan the desert 
is gradually encroaching on fertile lands in Rajasthan. Punjab and Sind. 
Part of the lower course of the Indus is really a desert. During historic 
times many cities and villago^ on the banks of the Indus have been flooded 
out or abandoned because the river had changed its course. There are 
numerous prehistoric settlements like Mohenjo-daro which have been 
buried in sands and alluvium. 

The historj’ of the Saras\ati is e.xceedingl}- interesting. The with¬ 
drawal of the waters from the Sutlej, and possibly from the Jamuna, dried 
up the Sarasvati which was once a great river which flowed through Bikaner, 
Bahawalpur and Sind. In Vedic literature the Sarasvati is given greater 
prominence than the Indus and the Ganges. Along its banks, especially 
in Bikaner, there are numerous mounds containing remnants of prehistoric 
and early historic settlements. It flowed into the Rann of Kutch which 
was at that time a fairly deep gulf of the .Arabian Sea which permitted the 
entry of ocean-going ^•essels. The Sarasvati and the Ghaggar seem to have 
dried up finally about the middle of the 13th century, when there w’as a 
great migration of people as a result of the drought which followed. This 
was the third time it did so, for Todd states in his ' Annals of Rajasthan ’ 
that the first time the Ghaggar or Hakra became drj- was in 1044 A.D. 

The Sutlej vas originally an independent river not belonging to the 
Indus system for it joined the Ghaggar in Bikaner. It abandoned its 
course finally in the 13th century and joined the Beas near the south-west 
comer of Kapurthala. The Beas also had an old channel which can still 
be seen. The combined Sutlej-Beas received the Chenab near .Alipur and 
the combined stream joined the Indus at Mithankot. 

The main channel of the Indus up to 1800 -A.D. flowed through the 
middle of the Thai. In that year it split up into two channels, and one 
of these (the Khedewari) which was the main waterway up to 1819 was 
blocked by an earthquake. 63 - 1837 the Kakaiwari was the main 
stream but this also become blocked in 1867. In 1900 the chief channel 
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Mas the Hajamro. Owing to these frequent clianges, many flourishing 
cities on its banks have been abandoned or flooded out e.g., Ghorabari, 
Keti and Bhimanjopura, etc. 

Before the year 1245 A.D., the Jhelum, Chenab and Ravi joined near 
Multan, flowing just east of that place, and then joined the Beas east of 
Uch, 28 miles south of Multan. But by the end of the fourteenth century 
the Chenab had changed its course to the one which it now occupies to the 
west of Multan. 

.\11 the Himalayan ri\ ers that debouch into the plains of Northern 
India show ample evidence of building deltas in which their courses change 
very frequently. The Kosi, for instance, once flowed by the side of Purnea 
but is nov\- many miles further west, ha\-ing swept over an area of 4,000 sq. 
miles. It now joins the Ganges about 20 miles to the west of its original 
confluence near Manihari. The courses of the Kosi during the last 200 years 
are shown in the report of the .Advisory Committee on Kosi Project (1952). 

The original course of the Ganges in Bengal, about a couple of cen¬ 
turies ago, was through the Bhagirathi and the Hooghly. But the Hooghly 
IS now a minor branch, while the Padma flowing through East Bengal 
has become the major one. Similarly the Damodar, which used to join 
the Hooghly some 35 miles abo\ e Calcutta, now meets it several miles below 
Calcutta. The Bhagirathi originally flowed through the channel called 
Sarasv'athi whose course is seen to the west of the modern Hooghly. It 
left the Hooghly at Tribeni, 36 miles above Calcutta and rejoined it at 
Sankrail, 6 miles below Calcutta. It was an important waterwaj’ until 
the fifteenth century and on its banks stood Satgaon (Saptagram) which 
was a former capital of Bengal and a great centre of trade, as ocean-going 
\essels regularly called there. Satgaon lost its importance when the 
Sarasvati abandoned its course. 

The Tista was, barely a century' and half ago, a tributary of the Ganges, 
but after the disastrous floods of 1787 it left its old course and became a 
tributary' of the Brahmaputra. The Brahmaputra itself originally flowed 
to the east of the Madhupur jungle but now joins the Padma much further 
vest through the channel known as the Jamuna. 

Pataliputra which was the capital of the great Maurya and Gupta 
empires for nearly 1,000 years until the fifth century' .“V.D, now lies buried 
lieneath the modern Patna, It is said to have been located at the junction 
of five riv'ers—the Ganges, Gogra, Gandak, Son and Punpun. It was 
destroy'ed by a series of floods. The junctions of these rivers with the 
Ganges are widely' separated from each other at the present day. 

Gaur at the head of the Ganges delta was a very important and flour¬ 
ishing city' between the fifth and si.xteenth centuries A.D. A swamp is 
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said to have formed around the city and caused a great epidemic in the 
year 1575 which led to its abandonment. 

Floods. —All the major rivers of India are liable to floods, especially 
in their lower course and in the Deltas. Floods in the plains are due to 
the high precipitation of rain during a short period w hen the river channels 
are unable to carry the run-off and therefore spread out over the neigh¬ 
bouring area. In the case of the Himalavan rivers the floods are often 
due to the formation of barriers in their courses. This ma\' be due to land¬ 
slips, accumulation of vegetation, or glacial moraines. The following may 
be given as e.xamples of great floods. 

In December 1840 a part of the hillside near the base of the Nanga 
Parbat slipped down into the Indus and fonned a dam nearly 1,000 feet 
in height. A huge lake, 900 feet deep, was said to ha\e been created 
behind the dam. This led to the rise of the waters bv nearly 300 feet at 
Bunji and their extension up to Gilgit town. After si.x months the water 
overflowed the dam which suddenly gave way. emptying the reservoir 
within a couple of days. The resulting huge flood affected many places 
in the plains, including .^ttock. This catastrophe of 1841 is still remembered 
along the Indus Vallej'. Similar floods also occurred in 1833 and 1858 in 
the Indus. A flood in 1863 completely swept aw ay more than 1000 acres 
of the Dhareja forest in Sind. 

The Shyok was in high floods in 1926, 1929 and 1932. It is stated 
that in the last mentioned year a dam, 400 feet high and 1,300 feet thick, 
was formed by landslip. \\'hen the dam burst, the river below it rose 
nearly 29 or 30 feet in less than an hour. 

In 1893 the Alaknanda tributary of the Ganges was dammed up b\- 
the slip of a hillside near Gohna. The dam burst later and caused a great 
flood. Disastrous floods are known to have occurred in the Sutlej in 1819. 
in the Chenab in 1790 and in the Ganges in 1893 and so on. 

Floods are also caused as a result of obstruction of ri\er courses by 
landslips during earthquakes. The terrible floods which followed the 1934 
earthquake in North Bihar and the 1950 earthipiako in .\ssam are well- 
known. 

Floods are brought -about by e.xceptionally heavy rainfall during a 
short period when the river channel is unable to cope with the run-off and 
the water spills o\er the banks and spreads o\-er the countryside. \\'ith 
the steady deforestation of the country the soil co\er is stripped off b\ 
erosion, percolation is diminished and the run-off is greatly increa;,ed. 
establishing conditions favourable for floods. Large flooils are of such 
frequent occurrence in most parts of India that it is scarcely necessary 
to enlarge on them. 
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LAKES 

Peninsular area 

For a country of the size of the Indian sub-continent, lakes are com¬ 
paratively of infrequent occurrence and of little importance. There are 
only a few lakes in the Peninsula, these being generally due to depressions 
on the surface or to obstruction of drainage. A few lakes have also been 
formed along the coast by bars and spits. 

Along the western coast of Malabar, Cochin and Travancore, there are 
several large lakes or back-waters which are separated from the sea by 
narrow bars. They are called Kayals and are used as waterways for trade. 

Pulicat Lake : Just north of the Madras City is a shallow salt water 
lagoon called the Pulicat Lake. It is 37 miles long and 3 to 10 miles wide, 
but the average depth is only 6 feet. It is separated from the sea by a 
bar, on the sea-ward side of which is a shoal which may represent the 
sediments formerly deposited here by the Old Palar River. The area in 
which there are islands in this lake is inundated during the monsoons. 
The marine silt in the islands contains thin layers of gypsum deposited 
from sea water during recent times. 

Colair (Kolleru) : This is a large freshwater lake in the Krishna 
district between latitudes 16'’ 32' and 16’ 37' and between longitudes 
18° 04' and 18° 23'. It is due to the growth and coalescence of the Godavari 
and Krishna deltas on either side, leaving a body of sea water in the middle. 
It is very shallow and elliptical in shape with an area nearly 100 sq. miles 
during the monsoon. It is gradually being silted up by the small streams 
draining into it. 

The Chilka Lake : This is a shallow gulf between latitudes 19° 28' 
and 19° 56' now practically cut off from the sea by a sandy bar. It is 
pear-shaped, being 44 miles long and 20 miles broad at the maximum. 
The average depth is less than 10 feet and the area occupied by water varies 
between 300 and 450 sq. miles in different seasons. It has a narrow outlet 
to the sea through which tides flow in. 

There are several lakes in Rajasthan which are apparently depressions 
in the topography now fed by inland drainage. ^ As they are in an arid 
region, they are gradually being silted up and the waters are generally rich 
in saline content. 

The Sambhar Lake lies on the border of Jodhpur and Jaipur between 
latitudes 26° 01' and 27° 0' and longitudes 74° 54' and 75° 14', about 40 miles 
to the west of Jaipur City. It is at an elevation of 1,200 feet above sea 
level and is 20 miles long and 90 sq. miles in area. It is generally dry in 
summer leaving a small marshy patch. Four or five small streams flow 



Ij INTRODUCTION AND PHVSICAL GEOTOGV 43 

into it. The saline mud in the lake is 75 feet deep and is underlain by 
Aravalli schists. It has been worked for common salt since at least the 
days of Emperor Akbar and possibly much earlier. It is estimated that 
in the upper 12 feet of the mud in the lake, whose a\-erage salt content is 
about 6 per cent, there would be roughly one million tons of salt per sq. 
mile of area. 

The greater part of this lake in summer is co\-ered by a thin white 
crust of glistening common salt. The sediments below are saturated 
with brine. Holland and Christie (Rec., G.S.I., V^ol. 38, pp. 154-186, 1909) 
thought that the salt was derived from wind-borne saline matter coming 
from the Rann of Kutch. Dr. Pramanik of the Meteorological Department 
found, on investigation of the saline content of air samples in Rajasthan, 
that there is little or no support to that hypothesis (Pmc. Nat. Ill'll, . 
Ind., XX, 265-273, 1954). 

The other salt lakes of Rajasthan include Didwana, 40 miles to the 
north-west of Sambhar ; Pachbadra, 60 mih's south-west of Jodhpur , 
Chhapar near Sujangarh ; Lunkaransar in Bikaner, etc. 

The following table gives the analyses of the saline material in some of 
the Rajasthan lakes and wells. 

Table 2—Co.mposition of s.\line matter in R.tjASTHAN Lakes 



1 Sea 

water 
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1 
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NaCl 
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NojCOj 
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2 60 

2-30 

0-60 

9-4 

NaHCOs 

CaCOj 

0-35 

1 

0 50 , 

006 

1-60 
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It will be seen that the Sambhar Lake contains practically no magnesium 
salts while they are prominent in Pachbadra and Khara Saghoda. Potas¬ 
sium salts are absent in Pachbadra and Didwana, Sodium sulphate is’ 
present in Sambhar, Didwana and Kuchman but not in Pachbadra. 
These peculiarities are probably to be e.xpiained by the peculiarities in the 
salt content of the local soils and drainage. 

There are also some fresh water lakes in Rajasthan like Jaisamand 
and Fatehsagar in ITlaipur and Rajsamand in Kankroli. These occupy 
depressions in the surface. 
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The Lonar Lake : This is a great circular depression in the Deccan 
Traps in the Buldana district in Berar. It is about a mile in diameter 
and nearly 300 feet below the level of the surrounding country. It is 
occupied b}’ shallow water during the rains but becomes dry in the hot 
weather, showing an incrustation of sodium carbonate (Urao) and some 
sodium chloride. This depression is thought to be a crater lake i.e., a 
lake formed by collapse of rocks due to the withdrawal of lavas and gases 
from below at a late stage of the Deccan Trap activity. The salts are 
probably derived from the local rocks and perhaps to some e.xtent from 
springs inside or at the bottom of the depression. 

The Nal : The low area between Saurashtra and Gujarat in the 
Ahmedabad district was till recently an arm of the sea, the remnant of 
which is Nal. It is a large lake, 37 miles south-west of Ahmedabad covering 
an area of 50 sq. miles. The water is brackish when the lake is full but 
becomes markedly saline in the hot season when the level goes down. 

The Manchhar Lake is a large shallow lake lying between latitudes 
26° 22' and 26° 28' and longitudes 67° 37' and 67° 47' in the Sehwan Taluq 
of Larkana, Sind. It is a depression in the course of the Western Nara. 
When full, the lake is ov'er 15 miles long and 10 miles wide. The margins 
are shallow but the centre is 15 to 20 feet deep. It supports rich fisheries, 
and during the dry weather the borders of the lake are cultivated. During 
the season it is full of lotus flowers which lend it a beautiful appearance. 

Lakes on Potwar Plateau : There are 4 or 5 important lakes as 
well as a few small depressions in the Salt Range and Potwar plateau in 
Pakistan. The largest of these is Son-Sakesar at an altitude of 2,526 feet. 
It is 3 miles long and 1 mile wide and receives the drainage of an area of 
50 sq. miles around it. The greatest depth in the lake is about 45 feet near 
the northern side which is marked by a fault scarp. After heavy rains the 
lake occupies about 4 sq. miles. The Kalar Kahar is circular and has a 
diameter of about a mile, but is shallow with only 3 or 4 feet of water. The 
Khabaki Kahar is found occupying a long and narrow synclinal fold at an 
elevation of 2,481 feet. The Khotaka Kahar occupies the eastern end of 
the same syncline, being 1 mile long and \ mile wide. The Jalar Kahar 
is a long valley in the eroded crest of an anticline. It is about 1,000 yards 
long and 500 yards wide and has been formed by the damming up of the 
outlet of the \ alley by loose deposits. 

The above-mentioned lakes are saline in various degrees as they are 
in an area which receives low rainfall (about 15 inches a year) and have no 
outlets. They contain water throughout the year, but the water level 
fluctuates considerably. 
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The Rann of Kutch (Sanskrit ; Irina) is the remnant of an arm of 
the sea which formerly connected the Narmada rift with Sind and separated 
Kutch from the mainland. It comprises the Great Rann and the Little 
Rann, with a total area of 9,000 sq. miles and with a ma.ximum width up 
to 35 miles. It is now a saline desert for the greater part of the year and a 
marsh during the monsoon when a thin sheet of water inundates it. It was 
formerly a navigable lake and though it was silted up gradually, it was still 
deep enough for sailing ships in the fourth century B.C. when .\le.\ander 
the Great invaded India. Local tradition still speaks of ser eral ports on 
its shores in former days. 

When the sea water which covers it during the monsoon dries up, 
the surface is covered by a hard layer of salt and shingle. In the summer 
heat its surface is blinding w'hite due to the reflection of light by the cnist 
of salt. It does not support vegetation e.xcept in a few small raised areas 
where some fresh water is a\’ailable, and the only animals that occasionally 
traverse it are small herds of wild asses. If it receives any rain or if strong 
south-west winds carry some water over its surface, it at once becomes 
marshy and impassable. The great earthquake of 1819 is reported to 
have raised up the central area of the Rann b}' several feet. The eastern 
part, called the Little Rann, is also gradually silting up. 

Dhands ; There are a number of alkaline lakes called dhands in 
Sind which occupy small depressions amidst the sand hills. The saline 
water in them evaporates during the dry weather and yields sodium salts. 
There are also several small lakes in Baluchistan and Mekran which contain 
saline water. 


EXTRA-PENINSULA AND TIBET 

There are numerous lakes of different sizes in Tibet which are considered 
to have been formed by the obstruction caused by glacial moraines in river 
valleys. In the earlier part of the Tertiary era Tibet must have been a 
region of normal rainfall. But, after the rise of the Himalayas, the moisture¬ 
bearing winds from the Indian Ocean have been cut off, making it progres¬ 
sively arid. Lake terraces are found in many parts of Tibet several hundred 
feet above present water level, indicating that the water level was formerly 
very much higher. As a result of the concentration of saline matter in the 
waters, many of these lakes now deposit common salt and in some cases 
borax. 

The largest lake in the Tibetan region is Issik-Kul (2,000 sq. miles) 
in the Tien Shan area, while the Koko-nor is over 1,600 scp miles in area. 
The Tsai-dam depression is a lake basin having an area of 12,000 sq. miles 
at an elevation of 9,000 feet ; it is for the most part a dry saline desert. 
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Several important lakes also occur in Southern Tibet, like the 
Matiasarou’ar (200 sq. miles), Rakshas (140 sq. miles), Yamdrok (340 sq. miles), 
Gtinchu (40 sq. miles), Trigu (50 sq. miles) and others. Within the Himala¬ 
yan ranges there are numerous lakes of comparatively small dimensions 
such as the Tso-Morari, Naim Tal, Bhim-Tal, Kheican Tal, Wular, etc. 
The Wular lake, in the northern part of the Kashmir valley, lies at an 
elevation of 5,180 feet in the course of the Jhelum river, its ancient name 
is Maha Padma Saras. Its normal area of 12 sq. miles may be increased 
to as much as 100 sq. miles when the Jhelum is in flood. A much smaller 
lake, the Dal Lake is close to Srinagar and occupies an area of about 8 sq. 
miles. On its banks are the terraced gardens laid out by the Moghul 
emperors Jehangir and Shah Jahan. Cascades flow down in a series of 
steps from the hill side through the gardens between rows of magnificent 
trees and banks of flowers into the lake. 

Most of the Himalayan lakes are thought to be of tectonic origin 
though some may be due to obstructed drainage through the agency of 
glacial moraines or ancient landslides. Some of the Kumaon lakes are said 
to be due to the subsidence of the floor by solution of the underlying 
calcareous rocks. 


LAKEb I\ HL’KMA 

As in India, there are very few lakes of importance in Burma. These 
include the Indawgyi and Indavv in the Katha and Myitkyina districts, 
some crater lakes in the Chindwin district, and ponds of various sizes in the 
alluvial area. 

The Inda'ugyi lake in Myitkviiui is 16 miles long and 7 miles broad 
with a superficial area of about 80 sq. miles. It has an outlet to the north 
in the Indaw stream, and occupies a depression amidst the hills which may 
be of tectonic origin. The Indaw lake in Katha district is probably also of 
tectonic origin. 

The Inle lake in Shan States lies at an altitude of 3,000 feet between 
two ranges of hills. It has considerably silted up in historic times, as have 
several other lakes in the Shan plateau. It is 14 miles long and 4 miles 
broad but, ev'en when full, is onlj' about 20 feet deep. In the dry season 
the depth is on an average 7 feet, and the bottom is overgrown with weeds. 
Its margin is marshy and full of vegetation. Its origin is attributed to 
the sinking of land by the solution of limestone below the bed. Several 
other areas in the Shan States, now covered w'ith thick alluvial deposits, 
point to the fact that they were all once lakes. 

In the dry zone of Burma, particularly in the Sagaing and Shwebo 
districts, there are several saline lakes, all of small extent and a few which 
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could yield brine for the manufacture of common salt, sodium sulphate, 
etc. during the dry season. 

There are some 7 or 8 craters or hollows formed by volcanic e.xplosion 
along both sides of the Chindwin river near Shwezaye. Some of these 
contain permanent water, while others are dry and may be cultivated 
for part of the year. In the Tniintiaiing cnitc-r, two miles X.E. of Shwezaye, 
the water-level is over 300 feet below the rim of the crater and the \vatcr is 
said to be about 70 feet deep. The Tattnghyauk crater is half a mile in 
diameter and 200 feet deep, and the bottom is only partly covered with 
water derived from sjirings at the sides. The Twin lake is the southern¬ 
most of the group. The crater is three-quarters of a mile in diameter, 
150 feet deep and has a shallow lake at the bottom, the bodv of water 
being about half a mile across. 

In Lower Ifurm.i the lakes are mainly depressions in the alluvium, 
or obstructed drainage channels. The Daga lake in Basscin is an elliptical 
lake 21- miles long, a mile wi.le and 20 to 45 feet deep. It is considered 
to be an unfilled benil of the Irrawaddy river. The Imina [Engma) lake 
in Prome and the Htoo and Doora lakes in Henzada occupy abandoned 
courses of the rivers. These attain their largest extent during the rains 
and become mere marshes in the dry weather. There are several other, 
similar, but less important lakes in the deltas of the Burmese rivers. 


i:.\RTHOU.\KE> 

Earthquakes occur in regions of marked instability of the crust such 
as mountain belts of geologically recent date. One such region, par 
excellence, is the zone of the Himalayan, Burmese and Baluchistan arcs 
around the northern borders of the Indian peninsula which have been 
folded, faulted and over-thrust during the Tertiary era. It is thought 
that earthquakes originate from places or zones where the accumulated 
stresses give rise to some movement, mainly by slips along fault jilanes, 
by readjustment of material brought about b)- physico-chemical changes 
within the crust, or by jilastic flowage due to some cause including con¬ 
vection currents. Earthquakes may occur within a few kilometers of the 
surface in which case they are attributable mainly to slipping along faults. 
But others originate at intermediate depths (down to 200 km) or at great 
depths (down to 700 km.) The latter are known in the Pamir region and 
in the Japanese and Indonesian island arcs where they are connected with 
major thrust zones dipping steeply (about 60 ) towards the continental 
mass behind the arcs. Earthquakes may also be produced in regions where 
there are active volcanoes, as in the Indonesian Archipelago and the 
Japanese islands. The major earthquake regions of the earth are in the 
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circum-Pacific mountain belt and also along the .\lpine-Himalayan mountain 
systems. These are generalh’ zones of large negati\'e gra\'itational anomalie.'; 
in the crust of the earth. 

The Peninsular part of India is a region of high stability as the mountain 
building movements therein have ceased to be active long ago. It is cut 
up by a large number of fractures and faults but these are inacti\ e at the 
present day. Occasionally, however, \ery feeble shocks are felt in some 
parts of the Peninsula, particularly around its margins. Sympathetic 
shocks occasionally arise in the Peninsula at the time of major earthquakes 
in Northern India. For instance, a minor shock was recorded on the 
south-west coast of the Peninsula at the time of the great Bihar earth¬ 
quake of 15th January, 1934. The reason for such shocks may be that 
the fault along the western coast has not vet completelv' attained equili¬ 
brium. It is also probable that the areas occupied by charnockitic rocks, 
where occasionally feeble shocks are recorded, were uplifted in the Tertiary 
times. 

The Indo-Gangetic alluvial trough is a region whose origin and structure 
are closely connected with the formation of the Himalayas. It is a tectonic 
trough formed in front of the rising Himalayan chains. Changes appear 
to be still taking place at the bottom of this trough, giving rise to occasional 
earthquakes. The Sind earthquake of 1819 and the Bihar earthquake of 
1934 had their origin in the aihu ium-filled trough. 

The Himalayan belt is a highly compressed segment of the earth’s, 
crust in which the sediments deposited in a large geosyncline as well as 
the rocks of the northern margin of the Peninsula have been involved. 
This belt shows the presence of several thrust planes along which slices 
of the crust have been moved considerable distances in order to adjust 
themselves to the compressive forces. 'The compression of the geosyncline 
took place in se\’eral stages e.xtending from the Upper Cretaceous to the 
Pleistocene ; though almost complete equilibrium has been attained, 
there are still some minor adjustments taking place which find e.xpression as. 
earthquakes. 

.V study of the earthquakes during the last 150 years shows that they 
are distributed all along the Himalayan. Burmese and Baluchistan mountain 
belts and also in the Pamir region beyond Kashmir. There is a tendency 
for a large number of shocks occurring in the regions where the geological 
formations show sharp changes in strike due to the presence of peninsular 
wedges underneath. Such regions are north-western Kashmir and Pamir, 
the north-east corner of Assam and the Quetta region in Baluchistan. 
Major earthquakes are of frequent occurrence in these areas. The most 
recent disastrous earthquake was that of August 15, 1950, near Rima 
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(29 : 97"‘E) in the Zayul valley on the Assam-China border, in front of 

the Assam wedge. 

Some earthquakes have also occurred in and along the margins of the 
Assam plateau which is known to be a horst uplifted during the Miocene 
period. The great Assam earthquake of 1897 and the Dhubri earth<]uake 
of 1930 occurred in this region. 

A large number of earthquakes have been recorded in Xorthern India 
and in the Himalayan mountain belt during historic times. .A. descriptive 
catalogue of these earthquakes has been published by Dr. T. Oldham in 
Volume XIX of the Memoirs of the Geological Sttrvey of India. Information 
on Indian earthquakes is also summarised in the monograph by Count 
Montessus de Ballore in A^olume XXX\’ of the same series. .A more 
recent review of the subject is to be found in the Presidential .Address 
to the Geology Section of the 24th Indian Science Congress by W. I). West 
in 1937, in which the structure of India is discussed in connection with the 
seismicity of the different areas. It contains also a list of the important 
earthquakes in India, Burma and Pakistan during the last 150 years. 
Individual earthquakes which occurred during the last 60 vears or so have 
been described in various papers published b\- the Geological Stirt ey of 
India, a selection of which is given in the bibliography at the end of this 
chapter. 


\OLCANOES 

Though Tertiary \olcanism has been fairly t\ide-spread in the Hima¬ 
layas, Burma and Baluchistan, recent volcanic activity is known only in the 
Barren Island and Narcondam in the Burmese arc and in the Xushki desert 
in Baluchistan. 

Barren Island has the shape of a cone which is surrounded by an 
encircling ring of a former crater. It occupies an area of a little over 3 
square miles and the ridge is 600 to 1,100 feet high, the central cone rising 
to 1,015 feet above sea-level. The lava-flows consist mainly of basalt and 
augite-andesite, with intercalations of ash and pyroclastic materials. It 
was seen in actual eruption in 1789. 1795 and 1803: since then it has been 
dormant. 

Narcondam (Naraka-Kundam meaning hell-pit) on the same align¬ 
ment, is apparently an e.xtinct volcano, which was probably active in the 
Pleistocene. Its crater has been worn down and its la\-as are hornblende- 
andesites and dacites. 

Barren Island and Narcondam are the crests of a deeply submerged 
ridge lying east of and parallel to the Arakan-Andaman-Nias-Mentawei 
arc. This ridge is bordered b\’ deep troughs on both sides. 
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Further mirth, m the Centnil belt of Burma, there is evidence of 
Pliocene and Pleistocene activity in Mount Popa, Shwebo, Mandalay and 
Lower Chindwin districts. Jade Mines area and the neighbouring parts of 
China. It is not known whether any of these were active during histoiic 
times. 

At the other end of India, in the Baluchistan desert, is Koh-i-Sultan 
which is also an extinct volcano. Further along the same alignment is 
the Koh-i-Taftan in Iran which is said to be still active. The lavas are of 
andesitic type and intercalated with ash-beds. The Solfataras of Koh-i- 
Siiltan deposit sulphur as do those in the Barren Island. 

MUD \OLrAXOES 

Mud volcanoes are not \olcanoes in the true sense but are merely 
accumulations of mud in the form of crater and cone due to the eruptive 
power of hydrocarbon gases in petroliferous strata. They vary in size 
from small mounds to hillocks 30 or 40 feet high, and rarely much larger. 
Some have the shape of basins with a central vent while others are like 
volcanic cones. They usually erupt soft liquid mud gently, but in rare 
cases rather violent eruptions of thick mud and fragments of rocks are 
known. Mud I'olcanoes seem to be more active during the rains, perhaps 
because rain-water helps to soften the mud and thus lessen the pressure 
on the imprisoned gases. .V small difference in temperature between the 
atmosphere and erupted mud is sometimes recorded. This may be due 
merely to the depth from which the mud comes or to o.xidation of the 
hydrocarbons escaping to the surface. The temperatures ordinarily 
recorded are between 85" and lOO'F. 

Mud volcanoes occur in Burma on either side of the .\rakan Yomas. 
The eastern group comprises those in Minbu, Prome and Henzada districts 
and the western group those on the Arakan coast and especially in the 
Ramri and Chedutaa and other islands and near Cape Negrais. They grade 
from basins on the one hand to cones on the other, the type being apparently 
controlled by the viscosity of the mud and the energy of eruption. In the 
basin type the gas escapes as bubbles from a muddy pool, which may have 
various degrees of permanence. The typo which, produces cones ejects 
thick mud and the ejection of gas is much more forceful than in the other 
type. The cones are often perfect miniatures of volcanic cones and attain 
heights of 40 or 50 feet. Parasitic cones, craters, mud flows, explosions, 
intermittent activity, rumbling sounds, etc., are all phenomena which have 
their parallels in true volcanism. 

In the Arakan group, the mud volcanoes of Ramri are the best known. 
The diameter of the cones varies widely, up to 203 or 250 yards. The 
erupted materials consist of methane and other hydrocarbon gas, petroleum. 
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saline matter (sodium chloride and sodium and calcium sulphates), mud 
and fragments of rock from the strata underlying the locality. The more 
violent eruptions tend to be periodical as in the case of geysers. The gases 
evolved sometimes bum spontaneousl 3 L The Chednba eruption of January 
2Ist, 1904, had a duration of 45 minutes and is said to have been the most 
violent known in recent times. Submarine eruptions of the same tj'pe are 
known along the Arakan coast, these occasionally producing mud banks. 

Mud volcanoes are known to erupt at times of earthquakes if they 
happen to be in the affected zone. The disturbance in the crust producing 
earthquakes should naturally be expected to favour the eruption of qases 
in mud volcanoes. 

In and around the oil fields of Burma there are mud \'olcanoes, which 
are undoubted!}’ related to the occurrence of petroliferous strata in 
anticlinal structures. In some of the oil fields, fissures in the sandstones 
are noticed to have been filled with cla\’. i'hese fissure-fillings are of all 
dimensions, with thickness ranging up to about 10 inches, and running in 
all directions. 'I'hese are to be explained as due to the liquid mud forced 
out from beneath, tilling up joints and fractures in the dominant sandstone 
strata of the oil fields. 

Mud volcanoes are also seen at the other end of the Himalayan 
mountain arc, in the Mekran coast of Baluchistan. The region being dry, 
the cones attain much greater heights (200 to 250 feet) in Mekran than in 
Burma ; in the latter area thej' tend to be destroyed by rain. 
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STRUCTURE AND TECTONICS OE INDIA 

Peninsular India 

The Peninsula of India, as alreatly mentioned, is made up of the 
Archaean gneisses and schists penetrated profusely by igneous rocks and 
Pre- Cambrian sediments, the latter including the Dharwarian, Cuddapah 
and the \’indhyan formations. The earlier rocks were probably mostly 
igneous in tnigin, while the later ones comprise both igneous and the sedi¬ 
mentary rocks. Three periods of granitic intrusion have been recognised 
and it is possible that others may come to light if detailed studies are under¬ 
taken. The earliest igneous suite is a streaky and banded g neissic complex 
to which the term ' Peninsular Gneiss ’ has been app lied in South India 
(Smeeth 1916). The second group com prises porphyritic granite or augen 
gneiss, while th ’ ' '■ “ . r-r , y ^ ' > ’• 

and yet o f Pr _ _^ ; 

different parts of India—the Closepet Granite in Mysore, the Arcot and 
Hosur Granite in Madras, the Erinpura Granite in Rajasthan, the Singhbhu^, 
Granite in Bihar, etc. 

Similarl}’, the highly metamorphosed schistose formations found in 
various parts of India and which include a large proportion of original 
sediments, ha\'e received different names—the Dharwars in South India, 
Champaners and .\ravallis in Gujarat and Rajasthan, the Sausar and 
Sakoli Series in Madhya Pradesh, the Shillong Series in .A.ssam, the Bengal 
Gneiss in Bihar, the Darjeeling and Daling Scries in Sikkim, and so on. 

Looked at in a broad way, the Archaean rocks re\’eal certain regional 
strikes over large stretches of the country as noted below :— 

The Aravalli-Dharwar Strike. —^The Aravalli mountain belt of 
Rajasthan is characterised by a N.E.-S.W. trend conspicuousl}' displayed 
from Champaner in Gujarat at the head of the Gulf of Cambay to near 
Delhi across Rajasthan. This continues into parts of the Sub-Himalayan 
zone of Tehri-Garhwal as noted by Auden (1933). In this region, the 
Tertiaiy' Orogenic movements have not obliterated the original trends of the 
ancient Aiavalli rocks. In the south, in Gujarat, the Aravalli strike splays 
out so that a part of it continues straight into the Gulf of Cambay and 
probably into the Laccadives and the Maldives. .Another part veers round 
to N.-S. and later to a N.N.W.-S.S.E. direction, emerging from under¬ 
neath the Deccan Traps in Southern Bombay and Mysore. Still another 
part appears to turn eastwards and coalesce into the rocks of the Satpura 
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belt in Central India. The southern end of the Aravalli belt near the 
borders of Rajasthan-Gujarat-Central India is therefore a region requiring 
critical study. The N.N.W.-S.S.E. strike is characteristic of Dharwarian 
rocks of Mysore. .South of Mysore city and Nanjangud, the same rocks 
gradually swing round hrst to a N.-S. direction and finally towards the 
south-west, merging with the rocks of the Eastern Chats in the Nilgiris. 

Near the northern end of the Aravalli Range near IJelhi, a part of the 
structure turns sharply towards the north-west and N.N.W. and continues 
as sub-surface ridge bordering the Punjab plains, and e.xtends as far west 
as the Kirana and Sangla hills not far from the eastern end of the Punjab 
Salt Range. Auden considers this as a part of the .Vravalli structure, 
e.xhibiting a sigmoid curve. 

In the southern-most part of the Peninsula the general direction of 
Dharwarian trend is continued in Travancore and the adjoining districts 
of Madras. The direction varies from N.N.W.-S.S.E. in the Western Ghats 
to N.W.-S.E. further to the east. A sharp fold is noticed in the Tinnevelly 
district. These rocks appear to continue into the south-western part of 
Ceylon, where rock suites similar to those of Travancore are found. 

The Eastern Ghats Strike. —^The Eastern Ghats stretch from the 
Nilgiris in the S.W. to the border of Orissa and Bengal. In parts of the 
Nilgiris and immediately adjoining districts of Coimbatore and Salem, the 
rocks of the Eastern Ghats exhibit a E.N.h.-W.S.W. strike. To the 
west of the Nilgiris this strike can be seen in isolated patches in .Malabar 
but is interfered with by the general trend of the Western Ghats, as noted 
by Lake. East of the Nilgiris it can be traced to the neighbourhood of 
Madras city, where it turns towards the north, and following closely the 
curvature of the eastern margin of the Cuddapah basin, proceeds up to 
the Krishna valley where it finally takes a definite north-easterly direction. 
At the northern end of the Eastern Ghats region the rocks curve round and 
appear to coalesce with those of the Singhbhum copper belt, while another 
part presumably continues north-eastwards into the .Shillong plateau in 
Assam, the inter\ ening portion lieing covered by the Ganges alluvium. 

The Satpura Strike. —.Another major trend in Peninsular India is 
that of the Satpura Range, with an E.N.E.-W.S.W. direction. The 
Satpura ranges in Western India are composed largely of Deccan Traps, 
but further east they include A'indhyan and Gondwana sediments and the 
Archaean gneisses of Jabalpur, Chota Nagpur and Gaya. .At the eastern 
end in Bihar, the rocks are covered by alluvium beyond the Rajmahals 
but emerge in the Garo Hills. The same strike is also seen in the Gangpur 
district in Orissa, but further east in Singhbhum it turns gratliially to the 
south-east finally merging into the Eastern Ghats rocks. 
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The Mahanadi Strike. —The area of Archaean rocks lying to the 
west of the Eastern Ghats from the Godavari \alley in the south to the 
Mahanadi \-alley in the north, exhibits a trend parallel to the course of 
the Mahanadi river (N.W.-S.E.) up to the Bonai district in Orissa and Bhan- 
dara district in M.P. There is some evidence that the Eastern Ghats ha\'e 
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broken through the rocks affected by the Mahanadi trend for the latter 
is observed in the coastal tract of \hsakhapatnam and for some distance 
to the north-east. 

The Eastern Ghats are largely made up of charnockites and khonda- 
lites associated with crystalline limestones and metamorphosed mangani- 
ferous sediments. According to Fermpr they probably represent a belt 
of block uplift, for they contain rocks which have been subjected to high 
grade metamorphism, including the charnockites and garnetiferous 
gneisses, and later uplifted. 

ft may be pointed out here that there is a rough parallelism between 
the Aravalli and the Eastern Ghats trends and also between the Dharwarian 
and Mahanadi trends. Since the strike directions of the rocks in the 
different belts vary considerably, they meet at sharp angles in some places: 
for instance, the rocks of the Eastern Ghats meet those of the Satpura 
trend in northern Orissa where the Bihar copper belt gradually \-eers around 
and finally merges itself into rocks of Mayurbhanj. The Dharwarian and 
the Eastern Ghats trends meet in southern Mysore and in the Nilgiris ; 
the Satpura and Aravalli trends meet in northern Bombay and southern¬ 
most Rajasthan. Three different strike directions meet in a triangle in 
southern Gangpur in Orissa and in Bhandara in Madhya Pradesh. These 
and other regions should provide structural data of importance if care¬ 
fully studied. 

Regarding the relative ages of the major earth movements which gave 
rise to the above trends, there are not enough reliable data at present. 

It is known that there was a repetition of the movements in post-Delhi 
times along the Aravalli a.xis. There is some evidence in Gangpur in 
•Orissa that the rocks have been affected by an earlier mov^ement, pre¬ 
sumably the Eastern Ghats orogeny, for the porphyroblasts of garnet and 
mica originally formed in the schists are found to have been partly rotated 
.by the later Satpura mo\ ement. The mica schists have been mostly con¬ 
verted into phyllites of a lower grade of metamorphism by the later move¬ 
ment, with the consequent reversion of some of the ferromagnesian minerals 
to chlorite, magnetite, and iron-ore. 

Prof. A. Holmes has investigated the ages of uraninite from a pegmatite 
in the Gaya district belonging to the Satpura belt of Bihar, and of uraninite 
and monazite from post-Delhi pegmatites of the .AraN’alli belt in Rajasthan. 
From the uranium-lead ratios it was found that the former indicated an age of 
955+40 million years and the latter about 735 million years. It is clear 
from this that the pegmatite associated with post-Delhi orogeny is much 
younger than the pegmatite in the Satpura belt. The Aravalli Mountain 
building movement was much earlier than the post-Delhi mo\’ement, but 
no data are ar ailable regarding the age of the former. The in\ estigation 
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of samarskite from the mica pegmatites of Neliore has given an age of 1500 
to 1750 million years with an average of around 1650 million years. Some 
allanites from the pegmatites iiitrusive into the rocks of the Eastern Ghats 
of Anakapalle near ^'isakhapatnam have given an age of 1585 million 
years, which is fairly close to the age obtained for the Xcllore pegmatites. 
It is also learnt that detrital monazite derived from Eastern Ghats rocks 
of Cuttack in Orissa have yielded an appro.ximate age of 1570 + 70 million 
years. Monazite from th(' Bangalore district, in\estigated by Holmes, 
gave an age of 2300 + 100 million \-ears v\'hile galena from Chitaldrug in 
Mysore belonging also to the Dharwarian belt gave an age of 2450 + 100 
million years. From these data a rough succession of the ages of the peg¬ 
matites associated with the various orogenic belts was worked out by Holmes. 
This has been modified bv ('. Mahadevan as shown below (Cnrr. Sci. 24, 
73-75, 1955) 

Vindhyan 


735 5 M.Y. 

Delhi Cycle ( = Cuddapah ?) 


955 -r 40 M.Y. 
.“^atpura Cycle 


1625 + 75 M.Y. 
Eastern Ghats Cycle 


2300 a; 100 M.Y. 

Dharwar Cycle { = Aravalh C 3 cle) 


It is no^^■ generall}- accepted that the time which has elapsed since 
the beginning of the Cambrian is of the order of 550 million years. We 
know also that the sedimentary formations have been laid down for a long 
but unknown stretch of time before that. During the period since the 
beginning of the Cambrian, there have been three major periods of mountain 
building, nameljHhe Caledonian, Hercynian-\'ariscan and Alpine-Himalayan, 
in the Eurasian continent and elsewhere, though differing in time and in 
duration in various parts of the world. The time interval between each 
pair is approxirnateh' 200 to 250 million j’ears. We have not enough 
information to decide whether this time interval can be adopted as an 
average between successive major orogenies in Pre-Cambrian times. If it 
is, we are likel\' to find evidences of orogenic activity at other periods, for 
instance between the Dharwarian and Eastern Ghats c\'cles. 

It will be noticed that there is a considerable difference in age betvVeen 
the \ edivoor (Bangalore) and Neliore pegmatites showing that the latter 
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are much younger than the Dharwarian pegmatites of the former. This 
interval is large enough for at least one important diastrophic cycle to have 
taken place. 

The Mahanadi strike is noticed also in the rocks along the sea coast of 
Visakapatnam district. It would appear that these rocks are cut across 
by the Eastern Ghats nearly at right angles, a few miles inlantl from the 
•coast. We have no data at present on the age of the rocks showing the 
Mahanadi strike, but on the presumption that they are older than the 
Eastern Ghats, we may perhaps assign them an age between the Dharwar 
and Eastern Ghats cycles of mountain building. 

The northern border of the peninsular mass is co\ ereil to a large extent 
by the thick alluvia of the Indo-Gangetic jilains which cover a large part 
of the original \’indhvau basin. The configuration of the mountain belt 
along the northern, north-western and north-east( rn bortlers of India indi- 
•cates that there are two important wedge-like masses—one directed north¬ 
west from Punjab towards Kashmir and the Pamirs and the other in the 
north-east direction from upper Assam towards S.W. China. There are 
also three minor wedges in the Baluchistan arc, one directed towards 
Kalabagh at the western end of the Punjab Salt Range, and the other two 
towards Dera-Ismail Khan and Quetta. 

THE .\SSAM VVEDG1-: 

The Assam plateau, whose outlying jiart is the Mikir Hills, consists 
mostly of Pre-Cambrian rocks with a thin mantle of Tertiary rocks along 
its southern border. Near the western end of the plateau, the rocks show 
the continuation of the Satpura trend while more to the east the}=' show 
the Eastern Ghats trend. The plateau is now separated by a strip of 
alluvium from the nearest Archaean area in Chota Nagpur. It seems to 
have been uplifted and faulted during the Tertiar\', the uplift being mainly 
of Miocene age, as a result of pressure both from the north and from the 
east. The Archaean rocks of the plateau apparently continue to the 
north-east as a wedge, for its effect is felt beyond the Sadiya region where 
there is a remarkable hair-pin bend in the strike of the geological formations 
which turn from the Himalayan arc into the Burmese arc. This critical 
region is unfortunately little known because of its inaccessibility. Though 
the frontier tract of the Mishmi hills shows highly metamorphosed .-\rchaean 
rocks with N.W.-S.E. strike, there are sedimentary rocks to their north¬ 
west as well as to the south-east. It is of interest to note that the moun¬ 
tainous region of S.W. China contains the sources of all the great rivers of 
south-east Asia, including the Chindwin, Irrawaddy, Salween, Mekong 
and Yangtse, which run parallel for some distance and then diverge widely 
and finally flow into Indian Ocean on the one hand and into the Pacific 
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on the other. The courses of these rivers are determined by the structure 
of S.E. Asia in which the Assam wedge has played a very important part. 

Along the western and southern borders of the Assam plateau there 
are Cretaceous and Tertiary rocks which are over-thrust from the north. 
This zone, when followed to the east, passes into a monoclinal fold, the 
southern limb of which dips rather steeply into the alluvial plains of East 
Bengal. Further east, the fault zone takes a north-easterly direction and 
merges into the Haflong-Disang thrust. The overthrust in this area is 
however from Burma side and it marks the north-western limit of the 
Disang Series of Eocene age. 

Eastern Assam is marked b\- numerous parallel imbricating thrusts 
directed from the side of Burma towards W.N.W. or N.W. The last of the 
thrusts bordering on the plains of the Brahmaputra is called the Naga 
thrust. Several producing oil wells of the Digboi field are in strata cut off 
by the Naga thrust. The northern border of the Assam plateau is faulted 
and presents a well marked scarp towards the plains. The Brahmaputra 
flows through a trough between the Assam plateau and the Himalaya 
mountains, the trough being of tectonic origin and being the easterly 
continuation of the fore-deep in front of the mountains. 

THE KASHMIR WEDGE 

A similar effect is produced by the Punjab-Kashmir wedge in the- 
north-west, but the ancient rocks here are almost entirely buried under the 
alluvium of the Punjab ri\-ers, e.xcept where a few outcrops occur, as in the 
Kirana and Sangla hills. From geodetic obser\ations it is known that 
there is a buried ridge continuing north-westward from near Delhi towards 
Punjab Salt Range, the abo\"e-mentioned hills being local projections of 
this ridge above the allu\ ium. 

The Potwar plateau of western Punjab is a synclinal trough (Soan 
Syncline) having its a.xis along E.N.E.-W.S.W. direction. Along its northern 
border are the Kala-Chitta and Margala hills which show tightly folded 
isoclines. The zone to the south of it also contains close-set folds with 
numerous strike faults. The rocks e.xposed in the synclinal trough are 
mainly Murrees and Sivvaliks, but along the southern border there are 
Eocene rocks which are underlain by Mesozoic and Palaeozoic rocks. This 
southern border, which represents an overthrust limb, shows a well marked 
scarp against the plains of Mianwali. In this part of the Salt Range there 
appear salt, gj'psum and dolomite beds in various stratigraphic positions. 

The eastern end of the Salt Range is affected by the presence of the 
Kashmir wedge and the rocks turn sharply northwards. The most con¬ 
vincing e\ idence for this wedge is the spectacular hair-pin bend (svntaxis) 
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of the geological formations in north-west Kashmir (W’adia. 1931). On 
both the arms of this bend the geological formations have a N.W.-S.E. 
strike but the south-western side sweeps down in a broad arc into Hazara 
and the N.W. Frontier Province. It is noteworthy that in this bend the 
overthrusting of the rocks is directed from both sides towards the central 
axis. The effect of the wedge is seen as far north as the Karakoram- 
Hindu Kush mountains and the Pamir region. It is known that in the 
.\lai Range in Russian Turkistan two different periofls of folding have been 
recognised, the earlier one being connected with the X'anscan revolution 
which produced the Tien-shan and the Karakoram Ranges anti later one 
connected with the .41pine-Himalayan revolution. 


THE PURANA FORMATION'^ 

Lying over the .4rchaean gneisses are basins of Cuddapah and X'indhyan 
rocks, which are referable to the upper Pre-Cambrian, perhaps extending 
into the Lower Cambrian. Some of the \'indhyan beds ha\'e yielded 
microscopic remains of plants and also some discoidal impressions which are 
considered to be primitive fossils whose exact nature is still in doubt. These 
rocks are exposed in three main areas—(I) The Cuddapah basin of Andhra, 
(2) the Orissa-Chattisgarh region and (3) the great ^■indhyan basin ex¬ 
tending from Sasaram in Bihar to Agra in LkP. and Chitor in Rajasthan. 
The Cuddapah basin is conspicuously crescentic in outline, the concave 
eastern margin being highlv disturbed and folded. This basin contains 
both Cuddapah and Kurnool formations, the former being somewhat more 
disturbed than the latter. The Cuddapahs contain also intrusive basic 
igneous rocks in the form of sills. The eastern margin of this basin has 
been disturbed along the trend of the Eastern Ghats. This may be due 
to a rejuvenation of the Eastern Ghats in post-Cuddajiah and pre-Kurnool 
times, corresponding roughly to the post-Delhi movements along the 
Aravalli axis in Rajasthan. 

In the e.xposures of eastern India which have not liecn studied in any 
detail, both Cuddajiah and \'indhyan rocks are presumalily represented. 
They consist of a number of outcrops now isolated from each other. The 
more eastern outcrops have been subjected to disturbances probably con¬ 
nected with the Eastern Ghats orogenv. .4 few isolated patches of Purana 
rocks also occur along the Godavari, Krishna and Bhima valleys of H\’dera- 
bad and southern Bombay. In the last of these, the Kaladgi formations, 
which are presumably the equivalents of the Cuddapahs. are said to be 
intruded by granites. The. Pakhals of the Godavari r'alley near Singareni 
are also considered to be of Cuddapah age. but Dr. .Mahadc\an regards 
them as earlier. It is not improbable that the Cuddapahs and their equiva- 
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lents have Iseen attected by earth movements and yranite intrusions in 
certain restricted areas, leaving others unaftected. 

The Great ^'indhyan Basin of Northern India occupies a large semi¬ 
circular area to the east of the Aravalli axis but some \'indhj-an rocks are 
found also to the west of that axis. The total area occupied by the Vindhyan 
basin is of the order of 40,000 square miles. This basin has also a cres¬ 
centic outline, the northern margin being conca^•e and enclosing the Bundel- 
khand granite or being covered over by the Ganges allindum. Along the 
western margin of this basin is a large rev'ersed fault (the Great Boundary 
Fault of Rajasthan) which brings the Aravallis on the western side against 
the upper Vindhyan Bhander sandstones on the eastern side, and which 
has been traced over a length of 500 miles. 

The \’indhyans in this basin consist of two major divisions, the lower 
being the Semri Series which is intruded by basic lai as and appreciably 
disturbed by folding and faulting. The southern and south-eastern edges 
of this large basin are more disturbed than the other edges, except for the 
reversed fault mentioned above. The rocks which originally belonged to 
the northern part of this basin are now part of the Sub-Hiinalayan region 
of U.P., but it would be impossible to identify them and establish their 
relationship with the Vindhyans because of the fact that Sub-Himalayan 
area is far removed from the \’indhyan basin and has been involved in the 
Tertiary mountain building movements. 

It may be mentioned here that the Delhi formations of Rajasthan 
were strongly compressed, metamorphosed and intruded by igneous rocks 
while their equii alents in other areas were affected comparatively mildly. 
Even the Lower \hndhyans of the Sonc valley have been subjected to folding 
and intrusion of basic lavas because of which it is arguable that they may 
be the equivalents of parts of the Delhis or Cuddapahs. The upper 
Vindhyans and the Kuniools are practically unaffected bv earth movements. 

There are no formations in Peninsular India between the Vindhyans 
(which are probabl}- early Cambrian in age) and the period of glaciation 
in the Fpper Carboniferous. During this interval the peninsula was 
generally undergoing denudation and was not affected by any earth move¬ 
ments. If any deposits had been laid down in the Peninsular area during 
this period, they should have been comphdeh' removed b\- erosion. 


IHE GONDWANA FORMAITONS 

Sedimentation during the Gondwana period was initiated by conti¬ 
nental ice sheets which covered large parts of the southern hemisphere. 
The glacial deposits of the period are the Takhir tillites and their equiva- 
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lents, which are found not only in various parts of the Peninsula but also 
in the Salt Range, Hazara and sex'eral places in the Suh-Himalayan zone. 

The glacial deposits were followed by the Dainuda formations which 
contain all the workable coalfields in India e.vcept those of Assam. The 
formation of thick coal seams during this period is indicati\e of the dis¬ 
appearance of the glacial conditions and an amelioration of climate, which 
is deduced to har'e been cold-temperate, from the characters of the flora. 
The major exposures are found in large faulted blocks along the Hamodar- 
Sone, the Mahanadi and the Godavari valleys. Similar exposures containing 
coal seams are also found in se\eral places in the Lesser Himalayas of 
Nepal, Sikkim, Bhutan and Assam. In some cases, as in the Kangit \ alley 
in Sikkim, in the Subansiri valley and in the Sela agency in .\ssam. the 
plant-bearing strata are associated with marine formations containing 
Spirifer, Chmietes. Eurydesnta, Conulana. etc. These therefore inilicate 
the position of the northern borderof Gondwanaland in the Sub-Himalayan 
region. It is likel}' that the area between the major coalfields of Eastern 
India and Himalayan region, which is now occupied by the Ganges and 
Brahmaputra basins, contains some coal-bearing strata but these would 
lie at a depth of several thousand feet under alluvial and Tertiar}- strata. 

At the beginning of the Gondwana era there w.is eiidently an arm 
of the sea extending from Rajasthan and Cutch into the Narmada valley. 
We find a couple of small patches of marine strata of Penno-Carboniferou.s 
age near Umaria. These marine beds overlie Takhir tillites and are in 
turn overlain by Barakar strata. It is likely that careful search may 
re\ eal other patches of marine Permo-Carboniferous rocks. 

The glacial conditions during the Upper Carboniferous in India and m 
other continents followed the great orogenic disturbances known as the 
\'ariscan or Hercynian revolution, which affected large parts of .Asia and 
Europe and which was responsible for the rise of great mountain ranges 
such as the Western Altai, Tien-shan, Kun-lun, Karakoram, Nan-shan 
and Tsin-lin. This revolution also brought into existence a great Medi¬ 
terranean sea extending from the region of Atlas mountains and Pv renees 
in the west, through the areas now occupied by the .Mps, Carpathians, 
Caucasus, the mountains of -Asia Minor and Iran into the Himalayas and 
further east into Burma-.Arakan-.Andamans and the southern border of 
the East Indian Archipelago. The .sediments which were laid down in 
this great Mediterranean ocean, which was named the Tclhys by E. Suess, 
were later compressed and raised up into the mountain ranges just men¬ 
tioned, The history of this Tethyan geosyncline will be dealt with in 
some detail below. 

In parts of Kashmir, the Hercynian revolution produced land conditions 
and there were great \ olcanic eruptions whose proflucts are now the Panjal 



64 


(iEOLOGY OE INDIA AND BURMA 


i CHAP. 


Traps, these colcanics arc also as.sociatcd the .Vgglomeratic Slates 

with intercalations of marine strata with Upper Carboniferous fossils. 
The land conditions in Kashmir continued throughout the Permian and 
well into the Triassic, permitting a certain amount of inter-migration of 
plants between India on the one hand and Angaraland and Cathaysia on 
the other, probably through the Pamirs and Ferghana. It is known that 
continental conditions prevailed in Ferghana from the I'pper Carboni¬ 
ferous to the Jurassic or even up to the Lower Cretaceous : there were also 
land conditions in parts of northern Iran and Afghanistan. 

After the coal-bearing period of Lower Gondwana age, the climate 
became gradually dry in many parts of Gondwanaland including India, 
as evidenced by the deposits of the immediately succeeding period which 
are red sandstones and clays deposited under arid conditions, containing 
the remains of amphibians and reptiles. The deposits of this period are 
mainty confined to the central parts of India but include stratigraphical 
gaps whose magnitudes are not known with any precision. After this 
dry period there was an impro\'ement of climate again as shown by the 
presence of carbonaceous matter and even occasional coal seams in the 
L^pper Gondwana strata. The Upper Gondwanas, which are mainly 
lacustrine and flu\-iati]e, are fairly widely distributed in the Central parts 
of India as well as in Gujarat, Kutch and se\eral areas along the eastern 
coast of India. The flora which flourished during this period is charac¬ 
terised by Thinnfddia and Ptilophyllum which attained prominence during 
the Jurassic and spread o\'er the greater part of the world, replacing the 
earlier floral groups. 

The chief coalfields of India owe their preser\ation to block faulting. 
The faults appear to be Upper Triassic or Lower Jurassic in age. The coal¬ 
bearing rocks are traversed by dykes of dolerite which are similar to the 
Rajmahal traps and also b}- dykes and sills of mica-lamprophyre. It is 
possible that the block faulting was partly contemporaneous with the 
eruption of Rajmahal la\'as and intrusion of basic and ultra-basic dykes 
in the coalfields. 


The Extra-Peninsular Region 
THE HIMALAYAS 

Kashmir. —In the Himalayan region, at least three major thrust 
zones are recognised in the rocks of the Siwalik and Lesser Himalayan 
zones. The southernmost of these thrust zones is generally designated as 
the Main Boundary Fault which usually separates Siwaliks from the earlier 
Tertiaiy'^ and older rocks. To the north of the Tertiarv belt in Kashmir 
is the autochthonous zone containing sediments of all ages ranging from 
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the Carboniferous to the Eocene, the sediments ha\ ing been folded and 
thrust o\ er the foreland. This thrust is called the Murrcc thrust. Beyond 
this is the zone of nappes in which two or more important thrusts are known 
to be present. The nappe zone shows Palaeozoic and Jlesozoic rocks which 
have tra\’elled some distance from their original sites of deposition. 
Further to the north-east is the Central Himalayan range consisting of 
sediments intruded by large masses of granite, presumably of Lower Tertiary 
age. 

Simla-Garhwal.—In the Simla and Garhwal region, u hich has been 
mapped by Pilgrim, \\’est and Auden, the Main Boundary Fault separates 
the Middle and Tipper Tertiary beds from the Lower Tertiaries which 
have been thrust over them. The L'pper Tertiaries which occupy a belt 
over 60 miles in width in Kangra, become much narrower in the area south 
of Simla where the belt is barely 15 miles wide. The Tertiaries are se¬ 
parated by pre-Tertiary rocks of the autochthonous belt by the Krol thrust 
w'hich mav be considered to be the equivalent of the Murree thrust of 
Kashmir. North of this is the zone of nappes containing the Jutogh and 
CwVf thrusts. Further north is another important thrust called the Chail 
thrust. Granitic intrusives are found in the nappe zones of the Central 
Himalayan range which e.xhibit se\'eral klippen of highly metamorphosed 
ancient rocks resting on less metamorphosed and unfossiliferous Palaeozoic 
and Mesozoic rocks. 

East and south-east of Simla, the same structural units are found in 
Garhwal, Here the Mam Bouiulary Fault se|)arates the Siwaliks from the 
zone of Simla Slates, overlain by Nummulitic and other Lower Tertiary 
strata. This zone is thrust o\ er by the Krol nappe which contains rocks 
of various ages from the Pre-Cambrian to Mesozoic, The Krol thrust 
unit is overlain bj' the Giri thrust. Further north are other nappes which 
bring highly metamorphosed Pre-Cambrian rocks over the Krol belt and 
which have their roots in the main Himalayan Range from where they 
have transported granite. Both the Krol and Garhwal nappe units are 
folded. These thrusts are probably of Miocene age as thev occur o\’er the 
Nummulitic rocks. 

Nepal and the Eastern Himalayas have yet to be examined in detail 
but our present knowledge enables us to say that the structures present 
there are similar to those of Garhwal and Kashmir. In Nepal, the Lower 
Siwaliks are separated from the Middle and l'pper Siwaliks by a thrust, 
while the Tertiaries are over-ridden by pre-Tertiary rocks by another, 
as seen at Sanotar. Still another thrust brings the Pre-Cambrian Dar¬ 
jeeling Gneiss over the abo\’e-mentioned zone. 

Central Himalayas.—.According to Heim anil Gansser,- there arc at 
least four superimposed thrust sheets in the Lesser Himalayas of Garhwal 


3 



66 


GEOLOGY OF INDIA AND BURMA 


[chap. 


over the Nummulitic rocks. The synclinal of Nainital is the continuation 
of the Krol belt. This is thrust over by the gneisses and schists of the 
Ramgarh region and this again by the cr\’stalline schists of .^Imora. The 
northernmost is the Tejam zone which may possibly represent the Krol- 
Tal succession of rocks. Beyond this again is the crystalline zone of the 
Central Himalayas and then the Tethyan belt. The last thrust in this 
zone contains Cretaceous flysch sediments associated \\ ith the exotic lime¬ 
stones of Permian and Mesozoic ages and with basic mtrusi'.es and lava 
flows. 

Beyond this exotic zone is another sedimentary belt containing rocks 
assigned to the Chilamkurkur and Rakshas Series which are dominantly 
shaly and of Mesozoic age. Still further north is Darchen zone associa¬ 
ted with igneous rocks, but these rocks are thrust in a north-easterly 
direction (therefore considered to be a counter-thrust), o\er the Eocene 
conglomerate of Mount Kailas which occupies a wide belt. Beyond Mount 
Kailas is the Trans-Himalaya Range containing Mesozoic and earlier granites 
and metamorphics. 

Summarising, we may say that the following units or zones have been 
recognised in the Himala 3 'as from south to north ;— 

(1) Main Boundary Fault of the Siwalik zone 

(2) Imbricate thrusts of the Himalayan border 

(3) Thrusts of the Lesser Himalayan belt 

(4) Central Himalayan thrust in which Mount Everest and 

Kanchanjunga are included 

(5) Thrusts of the Tethys Himala\-an zone 

(6) Thrust of the flysch and exotic zone 

(7) Counter-thrust of the Darchen zone 

In the east, the Himalaj-as terminate geographical!}' at Xamcha 
Barwa peak but some think that the continuation of the mountains should 
be looked for in south-west China. Though the region beyond Upper 
Assam is little known, the available knowledge goes to show that, geologi¬ 
cally, the Himala\’an formations turn sharpl}' to the south and form the 
mountains of Burma and Arakan which will be referred to here as the 
Burmese Arc. At the eastern end of the Himalajas the rocks e.xhibit a 
north-easterl}' strike ; the\' then turn sharply to the south-east and finally 
to the south-west and south. Beyond the Indo-Burma frontier and the 
central belt of Burma, lies the Shan region which is geological!}' a part of 
the Yunnan-Indo-China province and which was brought to its present 
position only in post-Cretaceous times. 
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THE BURMESE ARC 

This Arc commences some distance to the east of the eastern termi¬ 
nation of the Himalayas and sweeps in a broad curce through the boundarj’ 
region between India and Burma, the Arakan region and the Andaman 
islands into the Indonesian Archipelago. It is convex towards India 
e.xcept for some length in the .Arakan region where it is slightly concat'e. 
The southern part of this .Arc is largely submerged in the Bay of Bengal, 
the .Andamans and Xicobers being really the unsubmerged peaks of a group 
of ridges. 

Our knowledge of geology of the .Assam-Burma border is very sketchy. 
But it is generally known that it contains both Mesozoic and Tertiary rocks 
intruded by granite and ultra-basic rocks. This mountainous region is com¬ 
posed of a series of over-thrusts directed tow-ards India, including the well 
known Haflong-Disang and Naga thrusts. The Digboi Oil field is located 
in the last anticline cut off by the Naga thrust at the border of the Brahma¬ 
putra plains. 

Inside this .Arc and parallel to it is the main volcanic zone containing 
the Tertiary and recent volcanoes of the Jade Mines area. Prome, Tharra- 
wadd}'. Barren island and Narcondam, continuing into \olcanic zone of 
the southern edge of Sumatra, Java and other islands of the Indonesian 
Archipelago. This zone shows faulted junctions both against the eastern 
border of the Burma-.Arakan mountain belt as well as the median Tertiary 
belt of Burma. Most of the volcanoes in this zone were active in the 
Upper Tertiary and some m Pleistocene times. The median belt of Burma, 
composed of moderately folded Tertiary rocks, contains all the important 
Burmese oil fields. This region was occupied by a gulf during the Tertiary 
times and was gradually filled up and later gently folded. The rocks are 
therefore of fresh water to brackish water origin in the north and marine 
in the south. There are stratigraphical breaks in the Upper Eocene and 
in the Aliocene. .\long their eastern margin, the Tertiary rocks are faulted 
against the more ancient rocks of the Shan plateau. The zone of junction 
contains another line of volcanic rocks—c.g., basic and intermediate lavas 
of Kabwet and Mandalay and the rhyolites of Thaton. The Shan plateau 
consists of Pre-('ambrian, Palaeozoic and some Mesozoic rocks, intruded 
into by Pre-Cambrian as well as Jurassic granites. This granite belt rans 
from Bhamo and Mogok in the north through A'arnethin into Tenasserim 
and the Malav States. The Shan region is geologically allied to Thailand, 
Indo-China and Indonesia. 

THE B.ALUCHl.STAN ARC 

The North-western .Arc commences beyond the western end of the 
Himalayas which culminates geographically at Nanga Parbat. .As we have 
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already been, the geological formations here bend round sharply and 
proceed first south-eastwards and then southwards and south-westnards 
into Hazara and the Sulaiman-Kirthar Ranges on the iiorder of the Punjab 
and Sind on the one hand, and the X.W’.F.P. and Baluchistan on the other. 
Part of it branches off and goes into the Safed Koh mountains of Afgha¬ 
nistan. It will be noticed that in contrast with the smooth flowing cur\"e 
of the Burmese Arc, the Baluchistan .-Vrc sho«s three conspicuous festoons 
because of the gathering up of the strata in the Dehra Ismail Khan and 
Quetta regions. In this Arc, the over-thrust of the strata is from the 
north-west and west, i.c., towards India as in all other cases. The festoons 
are to be attributed to the presence of submerged wedges of ancient rocks 
under the Indus alluvium projecting towards the north-west in the areas 
mentioned. On the concave side of the Arc are the Murree and Siwalik 
sediments deposited in brackish to fresh water environment, while on the 
convex side, in Baluchistan, are marine strata of various ages. 

In the Northern part of the Baluchistan Arc in Hazara, we find two 
sedimentary facies lying side by side and having a general N,E,-S.\\'. 
trend. The north-vi estern facies is of the Himalayan type in which the 
rocks resemble those of the Tethys Himalayan zone of Spiti and other 
places. The south-eastern facies continues down into Sind and Baluchistan 
and is dominantly calcareous, for which reason it is called the Calcareous 
Zone. This Calcareous Zone is found along the mountain chains forming 
the boundary between Sind and Baluchistan and contains rocks extending 
in age from Permo-Carboniferous to Eocene. This zone strikes into the 
sea at Cape Monze near Karachi, but turns to the S.S.W. forming a series 
of ridges underneath the waters of the Arabian ,sca and continuing towards 
the Oman mountains in .Arabia. 

Two other lithological belts parallel to the Calcareous Zone are re¬ 
cognised in Baluchistan. The zone which lies a few miles west of the 
Calcareous Zone consists of close-set parallel ridges composed of greenish 
flysch sandstones and shales of the type of Khojak Shales. This may 
therefore be termed the Khojak Zone. It includes theZhob valley, Khwaja 
.\mran and Sarlat Ranges, the western part of Sarawan and Las Bela 
and continues southwards into Jlekran and the southern border of Iran. 
The third zone, which may be called after Chagai, lies further west and 
includes the Nushki area and Ras Koh Range, consisting of ancient igneous 
and metamorphic rocks as well as Tertiary sedimentary strata intercalated 
with basic lava flows. There are a few recently e.xtinct volcanoes in this 
area and one of them. Koh-i-Taftan, is said to be still active. 

On the Pakistan side of the Calcareous Zone of the Sind-Baluchistan 
border there are L’pper Eocene, Murree and Siwalik strata, but when 
followed southwards they become predominantly marine in Sind. This is 
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because there was a gulf in this region which was gradually tilled up from 
the north during the Middle and Upper Tertiayv period. 

The Khojak zone and part of the Chagai zone of Baluchistan consist 
mainly of Tertiary rocks corresponding in position to the median belt of 
Burma. But the rocks of Baluchistan appear to be much more folded and 
disturbed than those of Burma, which might explain the general absence 
of productive oil fields in Baluchistan. 

THE PRE-CAMBRIAN 

The Pre-Cambrians of the Himalayas represent ancient rocks which 
were originally deposited in the region lying to the north of India. They 
consist of a group of metamorphosed sediments corresponding to the Uelhis 
and Cuddapahs. The Great Vindhyan Basin of Northern India must 
originally ha\’e extended into what is now the Sub-Himalayas of U.P. 
and Nepal and the deposits of that basin comprise some of the Pre-Cambrian 
rocks of this region. These rocks have been given \'arious names in the 
different areas—Salkhala Series, Dogra Slates and Attock Slates in the 
Kashmir-Hazara region, Jutogh and Chail Series and Simla Slates in the 
Simla region ; Vaikrita, Martoli and Haimanta Series in Kumaon ; 
Darjeeling, Baling, Buxa and other Series in the Eastern Himalayas. These 
ancient rocks are generally bordered by Sivvalik strata towards the North 
Indian plains, except in the Darjeeling region where the Siwaliks are absent. 
As is to be expected, the stratigraphy of these rocks is complicated by 
thrusts and inversions so that their relationships are difficult to decipher. 

There are no ancient rocks exposed in the Baluchistan Arc except 
in the north where a branch goes into Afghanistan. Similarly, the zone 
of ancient rocks in Burma is almost entirely confined to the Shan-Tenasserim 
belt. The schistose rocks of the Mishmi hills region in the Sadiya frontfer 
tract may be the continuation of the Pre-Cambrian rocks of Assam. 

I HE PALAEOZOIC GROUP 

The Cambrian formations arc developed in the Himalayan areas 
of Kashmir and of Spiti valley. In the Central Himalayas, they are 
represented by the Haimanta System and by the Garbyang Series. No 
Cambrians have been found in Burma but there are rocks of this age in 
South-west China and in the Yangtse gorge. The fauna characteristic 
of Himalayan areas are also found in North-western Australia and South 
Australia as well as in South-west China and Iran. The succeeding 
Ordovician and Silurian Systems are found in Kashmir and various parts 
of the Tethys Himalayan zone and also in South-west China and the 
neighbouring parts of Burma, but there is a difference between the fauna 
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of the Himalayan region on the one hand and the Burma-Chiiia region 
on the other. The former is characterised by corals and brachiopods 
which show marked affinities with the fauna of North American rocks 
but the Burmese rocks are characterised by graptolites (and no corals) 
having affinities with those of the Baltic region. The Australian fauna 
of this period also has affinities with that of China. 

In the succeeding Devonian period, the Muth Quartzites were formed 
in the Himalayas but there are limestones in the more northerly areas 
such as Chitral, .Afghanistan, Turkestan, etc. The Devonian of the Shan 
States of Burma is allied to that of South China and also of Eastern Australia 
where there was much volcanic activity. The barrier which e.xisted in the 
earlier Palaeozoic between the Himalayan basin and the Burma-China 
basin seems to have broken down about the Middle Devonian, for after 
that pieriod we find a common fauna in the tw o regions. 

The Lower Carboniferous shows marine deposits in various parts 
of the Extra-Peninsula. The rocks include limestones with Syringothyris 
and Fenestella. The estuarine and fresh-water sediments of this period 
contain the Rhacopteris flora, which is found in the Spiti valley as well as 
in Australia, 

The Middle to Upper Carboniferous period was marked by great earth 
movements which brought about considerable changes in the distribution 
of land and sea. The great Mediterranean ocean, extending from South¬ 
western Europe and North-western .Africa through Southern Europe 
into the Himalayan region and farther east, was formed during this period. 
Sev'eral of the great mountain ranges of Central Asia were raised up, in¬ 
cluding the Karakorum mountains whose foundation, so to say, was laid 
during this time. There were e.\tensi\e marine transgressions m the 
Himalayan region for we find the Muth Quartzites or earlier Palaeozoic 
formations overlain, with the intervention of an unconformity, by Permo- 
Carboniferous marine rocks. The Tethys extended through what is now 
western Burma and the southern parts of the Indonesian islands into New 
Guinea and eastern .Australia. .An arm of this sea probably extended into 
western .Australia. This great geosyncline persisted throughout the 
Mesozoic but became gradually dried up in the Tertiary by being compressed 
and raised into mountain ranges. India lay, during this period, to the 
south as it i\ as part of Gondwanaland. 

The Hercynian revolution was followed by extensive glaciation in 
Gondwanaland, the earlier deposits of the Upper-Carboniferous being 
generally tillites in the southern continents. In the geosynclinal region, 
marine beds were deposited containing Enrydesma, Conularia, Fenestella 
and other fossils. The land regions in the northern hemisphere v^'ere 
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characterised by three floral groups which were different from the Glos- 
sopteris flora. The area to the east of India supported the Gigantopteris 
flora, whereas that to the north and north-east was characterised by the 
Angara flora. Land connection through Kashmir permitted a certain 
amount of inter-migration of flora between India on one hand and China, 
Central Asia and Siberia on the other. The Kashmir region itself shows 
intercalated pyroclastic deposits and sediments containing Glossopteris 
flora, fishes, amphibians, etc. Marine deposits were laid do^^n in many 
parts of the Himalayan region as well as in the Salt Range. The Sub- 
Himalayan belt is now known to contain tillites as well as Permo-Carboni¬ 
ferous marine strata in Sikkim, Bhutan and further east so that we are 
enabled to deduce that Gondwanaland met the Tethys in this region. 

THE MESOZOIC GROUP 

The Mesozoic strata are well developed in the Tethys Himalayan 
zone which is e.xemplified by the Spiti valle}'. Similar deposits extend 
along the same zone north-westward into Kashmir and south-eastward 
into Nepal. The Triassic System consists of the Chocolate Series, Kalapani 
Limestone, Kuti Shales and the Kioto Limestones, but in the Burmese 
Arc these are represented by a part of Axial System about which few details 
are available. In Malaya and Borneo, there are marine deposits accom¬ 
panied by radiolarian cherts. Mountain building mo\'ements were active 
in the neighbouring areas of South China, Indo-China, and West Celebes. 

In Madagascar, which is now separated from India by a large stretch 
of the Indian Ocean, there are glacial deposits of Upper Carboniferous 
age followed by coal measures, but no Palaeozoic rocks are found below 
the tillites. Permian rocks are developed both along the western coast 
of Madagascar and the eastern coast of East Africa. Because of the close 
resemblance of these strata to each other, it is thought that Madagascar 
originally la\^ close to Kenya and Tanganyika. It would appear therefore 
that a rift developed between the .African mainland and Madagascar in 
Lower Permian times as there are no marine rocks older than Lower 
Permian in the latter. The succeeding Triassic deposits in Madagascar are 
mainly of lacustrine and continental facies indicating the general pre¬ 
valence of rather arid conditions. 

In the Oman region, which is structurally alien to .Arabia and belongs 
really to South Iran, there are Pre-Permian phyllites and later Mesozoic 
sediments. Alt the rocks including the Lower Cretaceous are inv^aded 
by the Semail igneous rocks which include basalts, serpentines, diorites, 
granites, etc., which must have been intruded mainly during the Middle 
Cretaceous period when these rocks were compressed and raised up to form 
the Oman mountain svstem. The Pre-Permian rocks here include some 
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limestones, shales and la\’as but their age lias not yi’t been detennineri with 
any precision. 

The Jurassic period in Himalayas is represented by a part of Kioto 
Limestone which is separated by an unconformity from the succeeding 
Spiti Shales which are mainly of I’ortlandian age. In some places the 
unconformity which commences from the ( aIIo\ ian e.\tends to the top of 
the Jurassic. These rocks continue eastward to Sikkim and also occupy 
a large area in Tibet. The presence of Jurassic rocks has not been definitely 
established in the Burmese .\rc, but we may reasonably expect them to be 
present. 

The Jurassic was marked bv orogeiiic activity in {hina, Borneo, 
Celebes and Malaya. The granites of the Shan States, Tenasserim and 
Malaya are considered to belong to this age. They are closely connected 
with the tin-tungsten mineralization of the region including Siam. 

On the other side of India, Middle to Upper Jurassic rocks are de\-eloped 
in the Salt Range. Here as well as in the Baluchistan .4rc, there is a break 
in deposition from the Callovian which often e.xtends up to the beginning 
of the Cretaceous. It is further interesting that in Jaisalmer in M'estern 
Rajasthan and in Kutch there are marine Jurassic strata containing some 
intercalations of plant-bearing beds. On the eastern coast of the Peninsula 
there are fluviatile and lacustrine Upper Gondwana beds which are thought 
to be of Upper Jurassic to Lower Cretaceous age. There is, however, some 
difference of opinion as to the e.xact age of these plant-bearing beds of the 
eastern coast. Some marine fossils ha\-e been found in the Godavari and 
Guntur districts, and though poorl\- prescned. have been assigned an 
early Cretaceous age. As the.se deposits are the earliest marine strata 
on this coast after the Pre-Cambrian period, it is thought that the east 
coast of India, as we know it, took shape only in the L'pper Jurassic. .'Vbout 
the same time there were \olcanic eruptions at the head of the Ganges 
delta in the Rajmahal hills where the la\ a flows attain a thickness of aliout 
two thousand feet, some of these being intercalated with fresh-water 
sediments containing well-presen ed remains of plants. 

Jurassic rocks are well dereloped along the coast of Madagascar, 
East .\frica and Somaliland and also in Ontral .\rabia and along its southern 
coast. The marine fauna in East .\frica of this period is very similar to 
that of Kutch. There are also some Jurassic rocks in the Oman region. 

Cretaceous strata occupy large areas in the Himalayas and Tibet. 

In the former they are represented by a greenish sandstones overlain by 
grey to white limestones and shales. The Middle and Upper Cretaceous 
are represented by sediments of fiysch facies which point to a definite 
shallowing of the sea. There is also a change in fauna because of the 
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introduction of some Mediterranean elements, probably through Syria and 
southern Iran. The shallowing of the Tethyan basin may be attributed 
partly to the waters being withdrawn into the Indian Ocean which was 
gradually widening, and to the compression of the bed of the Tethyan 
geosynchne which ultimately resulted in the rise of tht' Himalaya-Alps 
mountain sj'stems. It is to be noted that there are practically no Tertiary 
marine deposits in the Tethys Himalayan region. 

The Middle to Upper Cretaceous period in the region beyond the 
Central Himalayas was marked by intrusions of iiltrabasic and basic 
rocks associated with \ olcanic breccia. These have been thrust over the 
earlier rocks from some region in Tibet. The thrust sheets contain masses 
of limestone of all sizes and shapes extending in age from the Permian to 
the Cretaceous. Most of these masses are closely associated with the 
igneous rocks and are entirel}’ difterent m facies from any known in the 
Sub-Himalayas or the Tethys Himalayas. These limestone blocks, some 
of which are of the size of large hillocks, are known as exotic blocks. Thej' 
are thought to ha\ e been brought to their present position by enormous 
lava flows or by thrust sheets from their place of origin in Tibet, the latter 
\’iew being general!}’ more acceptable than the former. It is interesting 
to note that there are two zones of ultrabasic intrusions here, the more 
northerly one showing thrust movements towards the north, i.e., in a 
direction reverse to that found in the Tethys Himalayan region. The 
age of the ultrabasic rocks prox ides clear ex idence that the first phase of the 
compressive mox’ement which gave rise to the Himalayas is of Upper 
Cretaceous age. 

In the Burmese Arc, Cretaceous fossils hax e been found in the A.xial 
Sx'stem as xvell as in the rocks of the Arakan region. The Cretaceous rocks 
are in manx’ places accompanied by serjrentine and ultrabasic rocks which 
in this region appear to hax e been intruded toxvards the close of the Creta¬ 
ceous. The serpentine belt extends from the Jade Mines area in northern¬ 
most Burma, through Naga and Manipur hills, into the Arakan region, 
the Andamans and the Nicobars. 

Malaya remained a land area during the Cretaceous. Borneo and 
Western Celebes contain Middle to Ujiper Cretaceous sediments which 
are also found in parts of Sumatra. Jaxa and some other islands as well 
as in Nexv Guinea xxhere they have been folded in Laramide times. 

Marine Cretaceous beds are found along the southern border of the 
Shillong Plateau, along the coast of southern Madras and also along parts 
of the East African coast. All these contain xery closelx’ related faunas. 
This Cretaceous sea extended further south into Argentina around the 
Cape. W'e find closely allied reptilian remains in India, 3Iadagascar and 
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Argentina, which according to Du Toit were connected together until the 
Middle Cretaceous. Middle to Upper Cretaceous strata whose fossil fauna 
is V’ery similar to that of South India are found also in Western Australia. 

Cretaceous sediments intercalated with, and intruded by, ultrabasic 
and basic rocks are also found in parts of northern Kashmir. The Cal¬ 
careous Zone of the Baluchistan Arc also shows Upper Cretaceous ultrabasic 
intrusives (these being associated with deposits of chromite) and basic 
rocks which appear to have been associated with an island arc of the time. 
The volcanic rocks form a belt parallel to, and a few miles west of, the 
Sulaiman and Kirthar Ranges. 

Kutch shows continuous marine sedimentation from the Jura.ssic 
up to the Aptian which is succeeded by a stratigraphical break and by 
the Deccan Trap flows. Cretaceous strata are also found in the Narmada 
valley. The fauna of the Narmada valley region is more allied to that 
of Baluchistan, Syria and Arabia rather than to that of the Eastern Coast 
of India, indicating that a fairly effective barrier still existed between the 
two regions. 

The mountains of Oman trend N.N.W.-S.S.E., turning south near 
Masirah and then striking out into the sea. It would appear that they 
merge here into the submarine ridges running parallel to the Mekran coast 
and finally join the Kirthar Range. The Oman region was folded and 
raised into mountain chains in the Middle Cretaceous period, about the 
Cenomanian. It would therefore appear that the mountain building 
movements in Arabia were somewhat earlier than in the Baluchistan Arc 
and the Himalayas, and that they were still later in the Burma Arc and 
the Indonesian .Archipelago, as the latter are referred to the Laramide 
times. 

After the Upper Cretaceous movements, the Sind-Baluchistan region 
was divided into two gulfs by the rise of an incipient ridge which later 
became the Baluchistan .Arc. In a similar fashion, the .Assam-Burma 
ridge created an .Assam gulf and a Burma gulf. These gulfs were filled up 
rapidly during the Tertiary, the more northerly areas being characterised 
by fresh-water sediments and the southerly areas by brackish water and 
marine sediments in the direction of the open ocean. 


THE TERTIARA^ GROUP 

The Tertianes of the Himalayan region can be divided into deposits 
of three or four succtssive perkxls of sedimentation, each commencing with, 
and culminating iii, a mountain building movement. These movements 
can be dated appro.vimately as being Upper Cretaceous, Upper Eocene, 
Lower to Aliddle Miocene and late Pliocene to early Pleistocene. There 
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were also important disturbances, at laast in the Western Himalayas 
diinng the Pleistocene. The corresponding sediments formed between 
each pair of movements are the Eocene, the Murree, Siwalik, and the Pleisto¬ 
cene. The history of the Tertiary deposits of Burma is roughly similar 
to that of Western Himalayas but some differences are noted in the Tertiaries 
formed in the Assam gulf where the periods of sedimentation were slightly 
different. The Barail and Jaintia Series of Assam e.xtend from Upper 
Cretaceous or early Eocene to the Middle Oligocene. The succeeding 
Surma Series are Oligocene to Lower Miocene while the Tipam Series are 
Middle and Upper Miocene. The succeeding Dihing Series is mainly of 
Pliocene age. 

The Eocene comprises three distinct facies : a fairly deep-sea facies 
of the Calcareous Zone of Baluchistan and parts of the Himalayas ; a 
shallow marine facies which is found on the southern side of the Himalayan 
range as far east as Nainital ; and a flysch facies in parts of the Himalayas 
and Baluchistan. In addition, there are also fresh water deposits in Sind, 
Punjab, Assam and Upper Burma. 

The movement at the end of the Eocene broke up the geosyncline 
into very shallow basins. The Baluchistan and Burma areas were still 
largely covered by the sea. To the south of the Himalayas in N.W. 
India, brackish water sandstones of the Murree System were depwsited. 
Some marine deposits were also laid down in Gujarat and Kutch. 

In Southern Iran, the Oligocene is represented bj' the Asmari Limestone 
which is marine, and by the Ears Series which is lagoonal, the latter being 
associated with gypsum, anhydrite and salt marl. Some of these deposits 
are similar to those of the Saline Series in the Punjab. 

Intense Orogenic forces affected the Himalayan region as well as the 
Baluchistan and Burmese Arcs in the Middle Miocene and considerable 
vertical movements took place. This movement was accompanied by 
intrusions of large masses of granite in the Central Himalayan region. 
During this time the Assam Plateau w'as raised up as a horst, for its northern 
border is a fault scarp, whereas its .southern border is a monoclinal fold 
whose southern limb plunges steeply into the plains of East Bengal. The 
axis of this fold becomes a fault when followed eastwards. 

The deposits of the jienod following the Miocene mountain building 
movement are the Siwaliks which are well developed practically all along 
the Himalayas and also on the Indian side of the Burmese and Baluchistan 
Arcs. In the median belt of Burma, the strata constitute the Irrawaddy 
System, being similar in many ways to the Siwaliks. The great thickness 
of the Siwaliks (16,000 to 18,000 feet) shows that they were laid down in 
shallow- waters in front of the rising Himalayas, the basin of deposition 
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(fore-deep) graduallv sinking and keeping pace with the accumulation of 
sediments therein. 

The Siwaliks were folded and thrust o\ er by older rocks probably m 
early Pleistocene, when the Pir Panjal Range was elevated. Subsequent 
movements in the Pleistocene were res[ionsible for the tilting up and 
elevation of the Karewa formations. Many of the physiographic changes 
which took place in the Himalaj'as have yet to be studied—elevation of 
river terraces, rei'ersals of drainage, river capture, formation of gorges 
and similar phenomena. The fore-deep seems to ha\'e persisted as a 
shallow furrow in front of the Himalayas throughout the Pleistocene and 
to have been completelv filled uj) only in recent times. It contains several 
thousand feet of older ami younger alluvium, underlain by Tertiary and 
perhaps earlier strata. 


THE E.ASTERN ('0.\ST 

The Eastern coast is roughly parallel to Eastern Ghats up to the 
Krishna valley and thereafter it turns south more or less parallel to the 
outline of the Cuddapah basin. Further south, the coast bears no relation 
to the trend of the rocks as it cuts across the strike. The earliest fossili- 
ferous rocks found along the coast arc Upper Gondwana estuarine formations 
which are intercalated in ?ome places with marine beds whose age is Upper 
Jurassic or Neocomian. .-\n important marine transgression took place 
during the Middle Cretaceous, both along the southern part of the Assam 
plateau and in the coastal region of Southern Madras. The earliest 
fossils found in these beds are of I'pper .Alihan age. Marine transgressions 
are also noted along the coasts of East .Africa and of Western .Australia, 
e'eylon seems to have been first cut off from India sometime during the 
Tertiary, the earliest marine formations seen on the north-western coast 
of Ceylon being of Aliddle to Upper Miocene age (Jaffna beds). Thereafter, 
Ceylon seems to have been connected with and separated from India a few 
times. The sea between the Indian mainland and Ceylon is very shallow 
and marked by numerous coral islands. 

In the Eastern part of the Hay of Bengal a ridge was formed during 
the Laramide times along what is now the axis of the Burmese .Arc, extending 
through the Andaman and Nicobar islands and to the south of Sumatra 
and Java. It was about this time that the I'ethran basin of the Himalavas 
was cut off from that of the Burmese .Arc. The .Andaman Sea, i.c., the 
basin between Burm.i and the .\ndanians probahlv took shape at the end 
of the Cretaceous. Its eastern border is fairly regular and is marked by 
the sub-marine ri<l,ge separating it from the Alergui .Archipelago. This 
sea connects with the .''unda .'sea through a channel along the Straits of 
Malacca. The western bi mler is a part of the Burmese .Arc and the .Andaman- 
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Nicobar ridge. The Andaman Sea was probably much shallower 
originally, but was faulted down later to its present depth, reaching over 
2,000 fathoms at its deepest. To the east of the Andaman ridge is the 
subsidiary volcanic ridge on which lie the Barren Island and Narcondam. 
Sewell says that there is another inconspicuous ridge to the west of and 
close to the Andaman ridge which direct!}' leads into the Xias and ^lentawei 
islands to the south of Sumatra, but this should really be considered as 
part of the Andaman ridge. The Andaman ridge is clearly over-folded 
to the west but the axis of folding is said to have shifted progressively 
eastward during the Tertiary. The western coast of Tenasserim is only 
moderately faulted, having suffered a slight submergence during geologically 
recent times. When followed northward, it continues into the Tenasserim- 
Shan zone whose western margin is faulted and o\’erthrust towards the west 
in a more pronounced way than is apparent in the Tenasserim region. 

THE WESTERN COAST 

Coming now to the western coast of India, we find that the continental 
shelf bordering it is remarkably straight from the south of Cape Comorin 
to the west of Kathiawar. This feature is explained by the fact that the 
coast was faulted down some time during the Tertiary era. The only marine 
strata on this coast are of Lower or Middle Miocene age, forming a narrow 
strip in some places. In the more northerly parts, the coastal region as 
well as the interior are occupied by the Decc.in Trap.s which are estimated 
to be 6,000 feet thick near Bombay. These Traps show a gentle dip 
towards the sea near Bombay, because of a fold, the axis of which trends 
roughly parallel to the coast. This monoclinal feature is called the Panvel 
flexure. It would appear that the Traps may have extended formerly 
for some distance west of Bombay, but that portion has since been faulted 
down and covered bv the sea. There are also some faults jiarallel to the 
coast, as indicated by the presence of several liot springs along a straight 
line betw'een Ratnagiri and north of Bombay. 1 he age of these faults is pro¬ 
bably also Lower Miocene. 

The continental shelf off the western coast is marked roughl\' by the 
100-fathom line. It slopes gradually over a distance of 25 to 35 miles down 
to this depth and then rapidly down to 1,000 fathoms. Southw.mls from 
the Gulf of Cambay, at an acute angle with the coast, runs the ridge which 
appears above the seawaters as the Laccadives and Maldives : and it is 
likely that the Chagos islands further south also belong to the same group. 
From the southern end of Chagos islands to the northern end of the Lacca¬ 
dives, the distance is 1,500 miles. These island groups rise from a depth 
of 1,200 fathoms. Followed in a northward direction, the Laccadives 
-continue into the Coradiva and into the An,gria ,md Direction Hanks on 
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the continental shelf in the Gulf of Cambay. These are thought to continue 
into the Aravalli Mountains further north. The idea that these banks 
and the Laccadir es represent the continuation of the .A,ra\allis receives 
support from the fact that a strip of strong positive gra\ ity anomaly runs 
over it. 

The Kirthar Range, rvhich forms the boundary between Sind and 
Baluchistan, runs down to Cape Monze near Karachi where it is covered 
by the sea. But it is continuous with a small island called Churna, and 
with a ridge (the Murraj' Ridge) proceeding south-w-estward, rising from 
the bottom of the sea at a depth of 1,700 to 1,800 fathoms. To south¬ 
east of and parallel to the Murray ridge is a guUy 2,100 fathoms deep and 
another ridge at a distance of about one degree of latitude. The top of 
this second ridge is generally at a depth of 1,500 fathoms below the sea- 
level but it rises on one or two places to within 450 fathoms. It has been 
traced as far west as 20°N., 61 °E. It is generally considered that these 
two ridges ultimately join up with the Oman Mountains in .Arabia and 
that the Oman and Kirthar ranges are parts of the same structure. 

The sea adjoining the Mekran (Baluchistan) Coast is streaked with 
numerous straight, parallel ridges which are part of the Zagros Mountain 
system of Iran. The sea bottom here is at a depth of about 10,500 feet 
and the ridges rise to heights of 3,000 feet or more above tlie sea floor. 
These ridges occupy a width of some 60 miles or so from the Coast. 

The Mekran coast has been faulted down in the late Miocene or in the 
Pliocene, for we know that rocks of Middle Miocene age have been affected. 
It is probable that the faulting of the western coast of India occurred in 
the Lower or Middle Miocene, e.xtending into the Mekran region earlv in the 
Pliocene and finally into the Persian Gulf and the Euphrates \'alley in the 
Pleistocene. 

From near the north-eastern tip of .-Africa runs the Carlsberg Ridge- 
system forming an arc concave towards Africa. It rises from the ocean 
floor at a depth of about 2,300 fathoms but the basins on either side are 
over 2,700 fathoms deep. Samples of rock dredged from it consist mainly 
of basalts. Concentric with this and towards the side of Africa is another 
ridge on which are situated the island groups of Seychelles, Say'a De Malha 
and Mauritius. The Carlsberg ridge system lies roughly midway between 
India and Africa and is in many^ ways similar to the Mid-Atlantic Ridge 
and may ha\ e a similar origin. 


OROGEXIC BELT.'^ AND ULTR.VMAFIC ROCKS 

The various occurrences of ultra-mafic rocks known in India fall into 
one or the other of the known belts of mountain building. They include 
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rock types such as serpentine, peridotite, dunite, saxonite, Iherzolite and 
pyroxenite which have frequently given rise to magnesite, asbestos, talc, etc,, 
and are associated with epidiorites and amphibolites. The chief groups of 
•occurrences of these rocks are mentioned briefly below. 

In Rajasthan numerous lens-like masses occur near Jhiri, Raialo, 
Maroli, Bhihvara etc. and in the Biana hills of Central Mewar and Ajmer. 
Talc-bearing serpentine rocks occur along a N.N.E.-S.S.W. zone to the 
north-east of I'daipur city and also in Sirohi, Dungarpur and Idar. Their 
distribution generally follows the trend of the axis of folding of the Aravalli 
and Delhi Systems of rocks in this region. 

In the Mysore region there are similar ultra-mafic rocks along a N.N.W.- 
S.S.E. belt passing through Kadur, Hassan and Mysore districts. They 
appear in the belts of ancient Dharwarian rocks, and are associated in 
some places with chromite. At the southern end, near Mysore city, the 
trend changes its direction to S.S.\V., accommodating itself to the strike 
of rocks of the Eastern Ghats in this region. 

Details of the geology of the Eastern Ghats are not well-known, but 
in some places there are ultra-mafic rocks, as for instance those which are 
associated with the magnesite deposits of Salem and with chromite in the 
Kondapalle hills of the Krishna district and a few places in Orissa. This 
belt is generally marked by intrusions of large masses of charnockite. 

There are a few occurrences of ultra-mafic rocks along the Singhbhum 
Copper belt and its continuation to the south-east into Mayurbhanj. Some 
of these e.xposures are associated with chromite or titaniferous magnetite. 

In the Extra-Peninsular Region there are ultra-mafic rocks associated 
with chromite in the Zhob and Pishin valleys near Quetta and near Port 
Sandeman ; in the Burzil-Dras area of Ladakh ; in the exotic block 
region in Hundes ; and south of iMount Kailas. Numerous occurrences of 
serpentine and peridotite are known in the .fade Mines area of Upper 
Burma ; along the Burma border in Manipur State , east of Kohima in 
the Naga hills ; and also in Thayetmyo. Minbu, Pakokku, Prome. llenzada 
and Bassein districts along the same zone further south. Similar rocks 
occur in the Andaman and Nicobar islands. 

Ultra-mafic rocks are thought to have been intruded into the outer 
crust through cracks developed by intense comiiression of the upper layers 
of the crust. Indeed, it may be stated that ultrabasic rocks are not known 
to occur except in such deformed belts. The areas containing such ultra- 
basic rocks of late Mesozoic or Tertiary age are generally coincident with 
those showing negative gravity anomaly. In the case of the older mountain 
belts, the long lapse of time has generally help.‘d to sin nthcn out the 
-anomalies to a large extent. 
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SEISMIC PHENOMENA 

The distribution and significance of seismic phenomena in India in 
relation to geological structure have been dealt with by \'arious authors 
including T. Oldham, de Ballore. and W. D. West. It is known 
that the peninsular part of India is practically immune to all but minor 
shocks which are occasionally felt in a few places. But earthquakes of 
great intensity occur along the highly disturbed belt of mountains in the 
E.xtra-Peninsula. Occasionally some important shocks originate from 
the floor of the Gangetic basin, the Bihar earthquake of 1934 being attri¬ 
buted to mo\'ements in the floor of fore-deep now filled up with alluvium. 

The regions towards which the wedge-like projections of the peninsular 
mass are directed are generall}- known to be susceptible to frequent and 
severe earthquakes. Such are the Gilgit-Pamir region in the north-west, 
the Quetta area in Baluchistan and the region of S.W. China adjoining 
the north-eastern corner of Assam. The Pamir region is indeed visited 
by earthquakes originating at intermediate depths of se\'eral tens of 
kilometres. 


ORIGIN OF THE HIMALAYAS AND THE GANGETIC PLAINS 

It is generally assumed that the Peninsular mass, which was a part 
of Gondwanaland, remained passive while the Tethys basin to the north 
of it was thrust against and over its edges. Along the northern borders- 
of the Peninsular mass we find fragments of older rocks broken off and 
carried along with the o\ er-thrust sediments. These include the unfossili- 
ferous rocks of Peninsular facies in the Lesser Himalayas, of Cuddapah. 
\ indhyan and Gondwana ages. In front of this region is a sag or depres¬ 
sion which has been formed by a slight buckling down of the crust in 
obedience to the pressure e.xerted on the borders of the Peninsula by hori¬ 
zontal compressi\'e forces. 

The direction of moiement deduced from the rocks e.xposed at the 
surface is towards the south in the Himalayan Arc, towards the west in 
the Burmese Arc and towards the east in the Baluchistan Arc. The Pacific 
coast of Asia also shows evidences of thrust towards the ocean in the Tertiary 
era. P. Lake, w ho has discussed this question points out the difficulty of 
e.xplaining how one single continental mass could move in different direc¬ 
tions at the same time and suggests that the Pacific and Indian regions 
have been underthrust towards .\sia. It is of interest to note that Central 
Asia is a region containing excess of matter of higher density, which could 
only be e.xplained as due to the action of compressive forces toicards it. 
Though the Baluchistan Arc and the Himalayan Arc appear as if they 
were compre^sing the area of north-west Punjab inter\ ening between them. 
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Burrard points out that gravity observations do not indicate the presence 
of an excess of mass in that region and that indeed the reverse is the case. 
The explanation appears to be that the mountains here are composed 
of piles of light sediments pushed over the submerged borders of the. 
Peninsula. 

A northerly mov'ement of the Indian shield would thus appear to have 
given rise to the thrusting of the sediments of the Tethyan basin o\ er the 
whole of its northern border. This would naturally produce an eastward 
thrust in the Baluchistan Arc and a westward thrust in the Burmese Arc. 
The edges of the underthrust mass appear to have buckled down and 
broken off in places, except where projections have acted like wedges extend¬ 
ing far into the sedimentary basin and producing festoons and si’iitaxial 
structures. This would explain the simultaneity of the movements in the 
different Arcs during the successive periods of mountain building and also 
the much greater violence of compression and faulting in the ffimala\an 
Arc than in the two lateral Arcs. An important consequence of the great 
intensity of compression of the Himalayan Arc is the breaking up of most, 
if not all, of the structures suitable for the accumulation of petroleum in 
that region, whereas the same sedimentary belt in Iran and Iraq contains 
numerous unbroken structures. 


GEODbrnC OBSER\ ATIOXS 

The making of accurate topographic maps necessitates the assumption 
of a standard spheroid for the shape of the earth. This would be the sea- 
level surface continued through the continental portions also. This surface, 
obtained from the mean sea-level of tidal observations would give the 
geoid, whose shape is an oblate spheroid. The Survey of India has used, 
for this purpose, Everest’s spheroid (H. J. Couchman, 1937) whose ecpia- 
torial semi-axia is 6377-3 km., with an ellipticity of 1/300-8. The modern 
value is however slightly different, the major semi-axis being 6,378-4 km. 
and the ellipticity 1/295 (ellipticity being a-b/a, where a and b are the 
equatorial and polar semi-axis respectively). 

If we have a homogeneous sphere it will have the same force of gravity 
at every jxiint on its surface, i.e., the geopotential will be the same at every 
point. But the geopotential will vary according to height [i.e.. vertical 
distance from the level surface of reference) and also according to variation 
in the distribution of matter. Any extra mass as that which forms a 
plateau or mountain will give an extra value of gravity over it which can 
be measured. As a general rule^ we can state that if we have a thickness 
of 1 km. of rock of average density 2-5 per unit area (1 square cm.) it increases 

' H. Jeffreys, Earthquakes and Mountains, London, 1935, Chapter HI. 
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the gravity bv 0-105 cm./sec. This extra thickness of 1 km. therefore 
gives roughly an e.xtra value of 100 milligals (1 milligal = 0-001 cm./sec.). 

There is another type of effect. This e.xtra mass possesses gravitative 
attraction, which will be seen as a deflection from the vertical, of a plumb- 
line placed at the side of the mass. This deflection, when measured, can 
give us a measure of the mass which produces it. 

The attraction due to gravity is, as we have seen, dependent on the 
height above the spheroid at which the measurements are taken. It will 
be different and smaller if we could take it in free air at the same height 
{i.e., allow for the fact that the place of obserc-ation is some distance above 
the geoid surface and so from the centre of the earth). This gives the ‘ free 
air ’ value. We can calculate this from the observed gravity by allowing 
for the height above the mean sea-le\'el. The difference is the ‘ free air 
anomaly ’. 

It is an observational fact that most mountains produce much less 
•disturbance on gra\ ity than what we should expect if they were merely 
added matter of standard density. This anomalous difference is called the 
' Bouguer anomaly 

Isostasy.—It is also known that gravity does not vary in accordance 
with the height of solid matter above sea-level or depth below sea-level. 
In the Alps, for instance, the observed gravity is something like 100 milligals 
less than what would be the normal. In the ‘ deep ’ off the coast of Cali¬ 
fornia we should expect gravity anomalies of 300 milligals if the 4-mile 
■depth meant merely replacing normal rock by water. But in many parts 
of the oceans the anomalies are systematically positive. These observations 
prove that, in and belo\v mountains, there is matter of lower density than 
normal, and in ocean basins there is matter of higher density. Thus Nature 
seems to tr\' to compensate the visible inequalities of matter by density, 
so that excess of matter is compensated for by lack of density and defect 
of matter by an excess of density. This relationship between mass and 
density is called Isostasv. The subterranean \ariation of mass is called 
compc'/isution ; if there is too much, it is over-compensation, and if too 
little, it is under-compensation. If our calculated value of gravity is also 
corrected for the disturbance due to any tj-pe of assumed compensation, 
we get the I’ias/atic itnamah'. The free-air anomaly gives us the earth's 
external gra\ itational field. The Bouguer anomaly gives us the sum total 
of all the infonnation about the distribution of density. Isostatic anomaly 
is only of interest to test any particular theory of compensation. 

It is an interesting fact that it was in India that the theory of mountain 
compensation was first propounded by Archdeacon Pratt of Calcutta, 
an eminent mathematician to whom Sir .Andrew Waugh (Surveyor General 
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of India) referred certain gravitational anomalies for solution. W'hen the 
deflections of the plumb line were measured at some localities near the 
foot of the Himalayas, it was found that the observed deflection was much 
less than the result obtained b\- calculation from the visible excess of matter 
of the Himalayas. At Dehra Dun the calculated and observed deflections 
are 86 seconds of arc and 36 seconds of arc respectivelv , at Murree thev 
are 45 seconds and 12 seconds resjiectivelx'. 

According to one view of isostasy adopted by Hayford and Bowie 
of the United States Coast and Geodetic Survey, different vertical sections 
or blocks of the crust may be thought of as being completely compensated 
at a certain uniform depth, called the depth of compensation. This can be 
illustrated bj’ an experiment in which blocks of \’arious substances, of 
equal cross section and of equal weight, are resting on a heavy liquid, say 
mercury. Here they all sink to the same depth but rise to various heights 
above the liquid in in\ erse relation to density. On the Hayford principle, 
the depth of compensation in the earth’s crust is generally taken as 60 miles 
below sea-level. According to another interpretation, blocks of one 
substance ha\ ing the same cross section but different weights can be thought 
of as resting on mercury. Here they sink to ^•arious depths and also have 
their top surface at various heights. The latter view, allowing for varia¬ 
tions in the depths of compensation of different segments of the earth’s 
crust, is perhaps more in consonance with the evidence of seismology. 
Below a mountain range, the surface of contact between the lighter upper 
layer and the heavier bottom layer would be at a lower level than elsewhere. 
Under a low plain, the lower heavy layer of the crust would reach up to a 
comparatively higher level than under a mountain. Under an ocean 
floor, the lower heavy layer will rise still nearer to the surface of the crust. 

Both the views, however, agree that there is a natural tendency for 
compensation of mass against density. On the whole, the second view 
(favoured by Heiskanen and others) seems to give better agreement with 
the observed values of gravity in addition to agreeing with seismological 
evidence. It is also to be noted that the underground compensation is 
more likeh- to be spread out over a larger area than that indicated by the 
surface inequality. Heiskanen’s estimate of the depth of compensation 
is about 40 km. 

It is well known that continental masses are built up, to a large extent, 
of granite. Granite and large masses of sediments also form the mountain 
ranges of Tertiary age. In contrast with this, heavier rocks like basalt 
are found in regions which have been rent by tensional cracks. The ocean 
basins are also supposed to have basic rocks at shallow depths. These 
facts and suppositions are in accord with the principles of isostayv. 
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This theory can also be used to explain partially the conditions observed 
in the Himalayas and the Gangetic plains. The Himalayas are built up 
of huge masses of sediments estimated to have an aggregate thickness of 
over 30,000 feet, with a granitic core in places. The plains bordering these 
are deep troughs filled with alluvium, which are also to some extent com¬ 
pensated. There are, however, large anomalies which could not be 
explained by isostasy. It happens that there is a great deal more 
agreement between the theory and the actuality in the U.S.A. than in India. 

A stud}' of the values of gravity in different parts of India and of the 
deflections of the plumb line has indicated that the Himalayas consist of 
light materials and are deficient in mass. There are also certain regions 
with an excess or defect in gravity values, which may indicate the presence 
of hear y or light sub-crustal rocks. Sir Sidney Burrard of the Survey 
of India deduced the presence of a sub-surface feature, which can be likened 
to a ridge, of heavy rocks running roughly east to west across India through 
Jabalpur, and another parallel zone of light rocks passing through Belgaum 
and Xellore in South India. The former is referred to as Burrard’s Hidden 
Range on the supposition that the heavier layers of the crust had here come 
nearer the surface than elsewhere, forming a sort of ridge. The other 
zone is called Burrard's Hidden Trough, expressing the idea that the heavier 
layers formed a trough-like depression here occupied by lighter rocks. 
To the north of the Hidden Range is another parallel zone passing through 
the valley of the Indus and the Brahmaputra in Tibet, marked by deficiency 
of gra\'ity. 

It is an interesting fact that the lines of these ridges and troughs are 
more or less parallel to the general trend of the Himalayas and also that the 
distance between each pair is about 8 to 8i degrees of latitude. If the 
Himalar an orogenesis is attributable to the northward or north-eastward 
movement of India, it is possible that this arrangement of ‘ ridge ’ and 
‘ trough ’ may also be due to the same cause. 

The alluvium-filled trough through which the Ganges flows in Northern 
liuha is of the nature of a ‘ fore-deep viz., a slight buckling down of the 
upper crust in front of the conve.x mountain arc. It was formerly thought 
that it was \ -shaped in section and that the thickness of the alluvium in 
it w.is as much as 40,000—50,000 feet. Such a thickness has been shown 
to be improbable by Jeffreys. Geophysical measurements made in Bihar 
after the earthquake of 1934 have indicated that the thickness of the 
alluvial strata is of the order of 6,000 feet. Others made near Calcutta 
show that the alluvium is about 4,000 feet thick. But the alluvium is 
expected to be underlain by Tertiary strata which may be several thousand 
feet thick. 
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Some years ago E.A. Glennie of the Survey of India explained 
the various regional gravity anomalies found in India as due to local 
up-warps or down-warps of the heavy sub-crustal layers. In some cases 
there are coincidences between the supposed crustal warp and the surface 
geology. For instance, the Archaean ranges of the Aravalhs, Dharwars, 
Satpuras and the Assam Plateau are regions of positive anomaly which 
coincide with the up-warps, while the Cuddapah basins of JIadras, Chattis- 
garh and Gwalior which contain thick sedimentary beds are zones of negatir e 
anomaly. There are, however, other areas in which there is no such coin¬ 
cidence, A zone of positive anomaly runs through the Gulf of Cambay 
and along the Bombay Coast, which may probably be due to a large thick¬ 
ness of basalt here. In the area occupied by the Deccan Traps in western 
and central India the anomalies are very erratic and have no relationship 
to the surface geology. 

In a paper published in 1946, Evans and Crompton have given the 
results of the extensive gravity survey undertaken by the Burmah Oil 
Company in the Assam-Burma region. They have computed the anomalies 
after carrying out corrections for local geology down to a depth of 11-5 km., 
as data were available on the sub-surface geology from bore-hole records. 
Their map indicates that there is a zone of negative anomaly along the 
eastern flank of the Burmese arc continuing into the Andaman-Xicobar 
Islands and farther on into the well-marked negative anomaly zone just 
to the south of Sumatra and Java. This marks the zone of uplift during 
the Tertiary mountain building movement. There is a zone of high 
positir-e anomaly along the volcano belt of Burma which goes through 
Wun-tho, Monywa, Popa, Barren Island and continues into the volcano 
zone of Sumatra and Ja\ a. The Shan Plateau shows only weak positive 
anomalies as it has apparently nearly attained equilibrium during the long 
period which has elapsed since it experienced orogenic disturbances. The 
Upper Assam C'allev as well as the Ganges Valley in Bihar are regions of 
negative anomaly, as should be e.xpected, for they contain a large thickness 
of light sediments. 

The formation of mountain chains is considered by C'ening-Mcinesz 
to be due to a downward buckling of the sial deep into the sima during 
the process of compression of the geosyncline. .\t the commencement of 
mountain building disturbances, the down-buckle is supposed to reach 
into the peridotite layer, when the material from that layer rises up readily 
through cracks in the fold to form intrusive masses in the axial part of the 
fold. At a later stage basic and acid magmas are injected profusely into 
the same region and huge masses of granite result from the remelting of 
the sialic part of the crust which has been depressed and has thereby been 
softened by melting and assimilation of large amounts of volatile materials 
from below. It is thought that this deep down-buckling of the sial gi\-es 
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rise to negati\ e anomalies along the core of the folded mountain chains. 
It is also thought that basic magma originally present beneath the dou ii- 
fold is displaced on either side of that region and rises nearer the surface, 
producing someM’hat broader zones of positive anomalies on one or both 
sides. In general, the positive anomalies on either side are smaller in 
magnitude than the negative anomalies of the down-buckled zone. This 
hj'pothesis rests upon the assumption that there are convection currents 
in the interior of the earth which allow the re-distribution of material 
following the compression of the crust during mountain building movement. 
An alternative hypothesis is that these zones of negative and positi\e 
anomalies arise from faulting and readjustment due to the contraction of 
the crust, the depression formed by down-faulting being filled with light 
sediments from the continental area nearby. 

The parallelism of the ‘ ridges ’ and ‘ troughs ’ to the Himalayan arc 
and the correspondence of the negati\-e strips with the deep part of the 
Tethyan basin and the fore-deep, indicate that they might all have resulted 
from a single cause, vis., the Himalayan orogeny which may be attributed 
to the northward drift of India. It ma\- be suggested that the ridge and 
trough generated during the drift movement ha^'e not yet had time to be 
smoothed out. 

Little is know n about u hat lies beneath the Ganges basin of Northern 
India, but there can be little doubt that Siwalik and earlier Tertiary sedi¬ 
ments are present under it. The bottom may contain a fractured zone 
which would pro\-ide loci of earthquake shocks. 

From the geological map of Southern .Asia it will be noticed that the 
Tethyan basin of Syria, Iraq and Iran would, if continued in the direction 
of its general trend, go into the region of the Indonesian Archipelago, but 
the portion of the basin between Baluchistan and Sumatra is found to be 
violently distorted and pushed to the nortli by the foreign mass of India, 
just as Southern Iran is distorted by the foreign mass of .Arabia. It mat' 
therefore be suggested that the shifting of the Tethyan belt to the north of 
India would give us roughly a measure of the drift of India towards the 
north and of the shortening of the earth’s crust by the compressing forces 
which were responsible for the Himalayan orogeny. The distance between 
the postulated original position of the southern limit of the Tethyan 
geosyncline and the present Himalayan arc is of the order of 13° to 14' 
of latitude or say, 800 miles or more. 

Heim and Gansser (1939, p. 226) have made an estimate of the original 
width of the sedimentary zones of the Himalayas and deduced the short¬ 
ening of the zones as a result of mountain building. They came to the 
conclusion that the original width from the northern border of the Indian 
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plains to the zone of the Exotic Blocks is at least 460 km., the actual width 
at present being about 160 km. The difference between the two, about 
300 km., would be the minimum shortening of the crust. They also point 
out that this is only a rough estimate which may be out by 100 to 200 
per cent, or more, because of the lack of detailed knowledge of the geology 
of the Himalayas. It should also be noted that the Himalayan orogeny 
affected a part of the region lying in Tibet, viz.. Karakorum, Alai, and Kun 
Lun ranges which took their final shape only in the Tertiary. The estimate 
of the crustal shortening of about 800 miles given above would therefore 
seem to be in accord with the facts, for the numerous folds, overthrusts 
and nappes present in the Himalaya-Karakorum belt indicate that a region 
of great width was im’ol\-ed in the Tertiary mountain building movements. 
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CHAPTER III 


REVIEW OE INDIAN STRATIGRAPHY 

Principles of Stratigraphy 

Stratigraphical or historical geology has, as its aim. the description 
and classification of rocks with a view to arranging them in the chronolo¬ 
gical order in which they were laid down on the surface of the earth. Of 
the three great groups of rocks sedimentary, igneous and metamorphic, 
only the sedimentary rocks are easily amenable to such an arrangement, 
since they have been deposited bed by bed and contain the remains of 
organisms which flourished while they were formed. The lithological 
■characters of the units or formations and particularly their fossil content 
have been invaluable for determining the chronology of the materials of 
the earth’s crust, as will be e.xplained below. 

Lithology. —The lithological characters of the different formations 
are persistent o\-er the area in which they are exposed, though there may¬ 
be variations when followed o\er some distance. Each lithological unit 
may comprise a number of individual beds having more or less the same 
characters, u hen it is spoken of as a formation and gi\ en a local or specific 
name to distinguish it from a similar formation of different age or belonging 
to another area. Ve have thus the Barakar Sandstone. Kamthi Sandstone, 
Bhander Sandstone ; the .\ttock Slate and Cumbum Slate : the ^’empalle 
Limestone and Megalodon Limestone, etc. The lithology is often of help 
in correlation as in the case of the Spiti Shales of \ arious parts of the 
Himalayas or the carbonaceous Barakar Sandstones in various parts of the 
Peninsula and in the Himalayan foothills. 

Fossil content. —Each formation has not only distinct petrological 
characters but also encloses a fossil assemblage which is characteristic and 
different from that of the underlying and overlying formations, .\nimal 
and vegetable organisms of each geological age bear special characters 
not found in those of other ages. Though some species are long-li\ ed and 
have a long range in time, there are others which have a very short range, 
and each assemblage contains a mi.xture of many different species and 
groups of animals. Some species, for example of graptolites and ammo¬ 
nites, are so highly specialised in morphological characters and so restricted 
in range of time that they are highly \aluable indicators of ^•ery small 
sub-divisions of geological time. 

Fossil assemblages of the same age are not necessarily identical, for 
the species in them will depend on the conditions of environment and 
development in each area of sedimentation. If the environment was 
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the same or \'ery similar, the species may be identical or closely allied, as 
is often the case with marine fauna ; if the environment were different, 
as in the case of estuarine and lacustrine deposits, the elements of the 
fauna will be different but will show the same stage of evolution or der elop- 
ment in relation to each other and in comparison with the parallel faunas 
of another area. The conditions which control sedimentation and life 
give rise, therefore, to different facies, such as the deep sea, coastal, estuarine, 
fluviatile, etc. ; and also, depending on lithology, to shale, limestone or 
sandstone, or other facies. Hence, in comparing the faunas or floras of 
two areas, the lithological as well as environmental facies will have to be 
fully taken into account. 

Order of superposition. —Ev ery geological formation rests on another 
and is superposed b\' a third. The formation at the bottom is naturally 
older than the one at the top, and when we deal with several, the upper 
ones are successively j ounger than those below. The sequence is the same 
wherever the same formations are met with. 

If the formations have been laid down continuously each of them 
grades perfecth- into the succeeding one. They are then said to be con¬ 
formable. The gradation is not only lithological but also faunistic. It 
often happens however that, owing to local upheavals, some formations 
are locally missing. In this case, the transition from the underlying tO' 
the overlying beds will be abrupt, such a break in continuity being called 
an unconformity or disconformity. The unconformity may be marked 
by' a change in rock type, by' the different disposition of the overlying beds, 
by the intervention of a horizon of conglomerate containing pebbles from 
the underlying formation, or by other features. The overlying formation 
may spread over and transgress the limits of the lower one, thereby' showing 
the phenomenon of overlap. Or, there may be regression, producing a 
gap. Yet these phenomena do not affect the order of superposition of the 
strata. 

The earth’s crust is the scene of constant changes and the rocks are 
affected by' them in various way's. They may be tilted, folded, and faulted. 
They' may be intruded by igneous rocks, or metamorphosed as a result 
of earth movements. The final result of these changes, as seen at the 
present day, is often very comple.v but the geologist should observe all the 
facts carefully and unravel the history of the formations after weighing 
all the available evidence. 

After careful study, the geological formations have been arranged 
into a few major groups. These are shown in Table 3 in the order of in¬ 
creasing antiquity. The latter terms in these groups indicate the stage of 
development of the organisms. The Azoic is entirely devoid of organisms 
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while the Proterozoic shows traces of the most primitive life : the Palaeo¬ 
zoic contains the remains of ancient animals and plants, and so on to Recent 
times. 


Table 3—Geological Time scale 

(Figures witliout brackets show the total duration of the Group or System in millions 
of years, while those within brackets show the lapse of time from the beginning 
of the particular era or period to the present.) 


Group 


System 


Chief Fossils 


•Quaternarv 

Recent ( 01) 


.. Living animals. 

1 

Pleistocene 

1 (1) 

^lan appears. Many mammals die 




off during glacial periods. 

Tertiary 

Pliocene 

11 (12) 

^Mammals, molliisca and flowering 

or 

Miocene 

13 (25) 

plants dominant. Division 

Kainozoic 

Oligocene 

15 (40) 

largely based on proportion of 

60 

Eocene 

20 (60) 

living to extinct species of 
mollusca and the presence of 
mammal species. 

Secondary 

Cretaceous 

50 (110) 

, Giant reptiles and ammonites 

or 



disappear at the end. Flowering 

Alesozoic 120 . 

Jurassic 

40 (150) 

1 plants become numerous. 

[ Ammonites abundant. First 



birds, flowering plants and sea 

• 

Tnassic 

30(180) 

1 urchins. 

1 Ammonites, reptiles and amphibia 




‘ abundant. And climate, 
i 

Primary 

or 

Palaeozoic 330 

... i Permian 

35(215) 

Trilobites disappear at the end. 

' Carboniferous 

60 (275) 

Many non-flowenng plants ; first 




reptiles appear. 


De\onian 

50 (325) 

.Abundance of corals, brachiopoda ; 



first amphibians and lung-fishes. 


Silurian 

35 (360) 

' Graptolites disappear at the end ; 




first fishes ; probably first land 
plants. 


Ordovician 

60 (420) 

Abundance of Trilobites, and 



Ciraptolites. 


Cambrian JOO <520) 

Abundance of Trilobites. 

Pre-Cambrian or 

Pre-Cambnan (1500) 

Solt-bodjcfl animals and plants. 

I^roterozoic 
Archaean or 

Azoic 

, Archaean (4,000) 


Lifeless. 


Note :—The latest results from lead ratios in meteorites are said to indicate an 
age of about 4,500 million years for the planets in the Solar System. 
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The major groups are divided into Systems : each Sj’stem into Series : 
each Series into Stages ; each Stage into Zones. Corresponding to these 
divisions of formations there are divisions of geological time, as shown 
below : 


rormations 

T inie 

Group [e.g. Mesozoic) 

Era 

System [e.g. Triassic) 

Period 

Series {e.g. Upper Triassic) 

Epoch 

Stage {e.g. Carnic) 

■ • Age 

Zone {e.g. Otoceras) 



As the geological formations were first studied in Western Europe, 
the names of formations in the European region are now universally used 
as standards of reference to facilitate the correlation and comparison of 
formations of all parts of the world. Table 4 gives the names of the chief 
di\dsions in usage, and many of them will be frequently referred to in the 
following pages. 


TAFiLE 4 —St.WDARD GEOLOGICAL DIVISIONS 


Pleistocene 


Pliocene 


Miocene 


Oiigocene 


Eocene 


I^aleocene 


f ^loustenan 
LevaJloisian 
Chellean 
Acheulian 
...Abbevillean 
Cromenan 
Xor\\'ichian 
Ipswichian 
\'iilafranclnan 

r Astian 
.< Plaisancian 
Fontian 

f Sarmatian 

f Tortonian 
Helvetian 
Burdigalian 
Aqiiitanian 

f Chattian 
.. < Rupelian 
Lattortian 

f Wemmelian 
I Bartonian-Ludian 
Aiiversian 
.. < Lutetian 
Cuisian 
Ypresian 
{^Sparnacian 

/ Thanetian 
■\Montian 


^ Wurni—Tyrrhenian 
(Riss—Milazzan) 


yMindel-Sicilian 

(hinz-Calabrian 


Vindobonian 


Priabonian 

(Parisian) 

Ypresian 
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Cretaceous 


Jurassic 


Triassic 


Permian 


Carboni¬ 

ferous 


Devonian 


Silurian 


' Danian 
Maestrichtian 
Campanian 
Santonian 
Coniacian 
J Turonian 
' Cenomanian 
Albian 
Aptian 
Barremian 
Hauternian 
L \'alangmian 





(Gault and Up. Greensand) 
(L, Greensand) 



eocomian 


r ^PPer 

I (Malm.j 

I 

J Middle 

I (Doggerj 
j Lover (Lias) 


f Purbeckian 
Portlandian 
Kimmeridgian 
Argovian 
I Divesian 
( Cailovian 
... / Bathonian 
...\Bajocian 
f Toarcian 
] Cliarmoutbian 
Sinemurian 
Hettangian 


■1 


^Tithonian 
\ Oxfordian 


f Upper 




Alidcllf 
(_ Lower 


r Rhaetic 
...] N'orio 
|_Carnic 

( Ladimc 
Anisic 
.. Scythic 


. ^Keuper 

■■ ^Muschelkalk 
Bunter 


Upper 

fTatanan 
■ \ Kazaniaii 


. Middle 

/ Kungurian 

Artinskian 


Lower 

f Sakmarian 

\ Pseudo-Schwagerina zone 

^Uralian 

1 Pennsylvanian 

r Stephanian 

Westphalian 

^Moscovian 

L Missisippian 

fNamurian 

Visean 

1 Tournaisian 

^Dinantian 

Tapper 

/"Famennian 
\ Frasnian 


[ Middle 

/ Givetian 
\ Eifelian 


_ Lower 

r Coblentzian 

Sieganian 

l^Gedinnian 



fDowntonian 

I / Liidlowian 

I Salopian ■ ^Wenlockian 

Valentian ... Llandoveriaa 
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Ordovician 


f Ashgilhan 
Caradocian 
Landcihan 
I Llanvirnian 
(_ vSkiddavian 


(Bala) 

^ Llandeilo 
(Arenig) 


Cambrian 


fTremacloc ■ ■ ■ I potsdam.an 

! Olenus . . J 

) Paradoxides ... (Acadian) 

I^Olenelliis . . (Georgian) 


General Review of Indian Stratigraphy 

Before commencing the description of the stratigraphical units 
of India, a general summary might pro\ e useful so that the subject can be 
viewed in the roughest outline. 

More than half of the Peninsula is occupied by the Archaean rocks, 
including the schistose rocks which are generally referred to as the Dhar- 
warian group. The Cuddapahs. Vindhyans, the Gondwanas and the 
Deccan Traps occupy the rest of the area, except parts of the coastal 
regions. In the Extra-Peninsula, marine sedimentary systems predo¬ 
minate, though parts of the Sub-Himalaya and the main axis of the Himalaya 
are occupied by ancient metamorphic rocks and intrusive igneous rocks. 
A full succession of fossiliferous sedimentary systems, extending from the 
Cambrian to Eocene, is met with on the Tibetan side of the Himalaya, 
while the southern or Sub-Himalayan zone contains a different facies which 
is practically unfossiliferous. The fossiliferous facies transgresses to the 
south of the central Himalayan zone in Kashmir. 

Be 3 ’ond the sharp syntaxial bend of the North-western Himalaya 
near the Nanga Parbat, the Hazara area .shows unfossiliferous Palaeozoics 
and fossiliferous later formations : but further south, the Baluchistan 
arc is built up mainlj’ of post-Carboniferous s\’stems which sweep down 
in a broad arc to the Mekran region. The eastern part of this, forming the 
mountain chains of Sulaiman-Kirthar-Laki. shows a calcareous facies 
while the western part is largeh’ a shale facies w ith fi\'sch-like lower Tertiaries. 
To the east and south of the S\ntaxis of north-eastern .\ssam, in the 
Burmese arc, Tertiar\‘ rocks form a broad zone nith a core of Upper 
Mesozoic rocks which constitute the mountains of the Assam-Burma border 
and the .\rakan Yoinas. To their east is the Shan-Tenasserim Irelt of 
pre-Tertiarv rocks which belong to the S.E. .Vsian geological province. 

The major stratigraphical di\ isions of India are shown in Table 5 
together with their standard European equivalents, these being arranged, 
as usual, in the order of increasing antiquitj'. 
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Table 5—Major Geological Formations of India 


Recent 

.. Recent alluvia. Sand dunes. Soils, 

Pleistocene 

.. Older alluvia, Karcwas of Kashmir, and Pleistocene 
river terraces etc. 

Mio-Pliocene 

.. Siwalik, Irrawaddy and Maiichhar Systems ; Cud- 
dalore, Warkilli and Rajamahendri Sandstones. 

Oligo-Mxocene 

Murree and Pegu Systems ; Nari and Gaj Series. 

Eocene 

Ramkot-Laki-Kirthar-Chharat Series ; Eocene of 
Burma. 

L. Eocene; Up. Cretaceous .. 

Deccan Traps and Inter-trappeans 

Cretaceous 

. Cretaceous of Trichinopoh', Assam and Narmada 
Valley ; Giumal and Chikkim Series ; Umia Beds. 

Jurassic 

Kioto Limestone and Spiti Shales . Kota-Rajmahal 
and Jabalpur Series. 

Triassic 

Lilang System including Kioto Limestone ; .Maliedeva 
and Panchet Series. 

Permian 

Kuling System ; Damuda System 

Carboniferous 

Lipak and Po Series ; Talchir Series. 

Devonian 

Muth Quartzite. 

Silurian 

Silurian of Burma and Himalayas. 

Ordovician 

Ordovician of Burma and Himalayas, 

Cambrian 

Haimanta System ; Garbyang Series. 

Algonkian 

Cuddapah and Vindhyan Systems ; Dogra and Simla 
Slates ; Martoli Series. 

Archaean 

Dharw'ar and Aravalli Sj’stems ; Salkhala, Jutogh 


and Daling Series, various gneisses, etc. 

In 1904, in an article in the Imperial Gazetteer of India, Sir T.H. 
Holland proposed a new classification of the Indian strata in which the 
Cuddapah and Vindhj’an systems were grouped together under the name of 
Purana Group, corresponding to the Algonkian of America, which is now 
generally referred to as the Proterozoic. The strata from the base of the 
Cambrian to Middle Carboniferous were put together under the Dravidian 
Group. At the top of this group and below the I'alchir boulder-bed there is a 
welt marked and universal unconformity. All the rocks from the Talchir 
boulder-beds upwards were placed under the Aryau Group which therefore 
includes everything from the Upper Carboniferous to the Pleistocene. 
Of these, only the term ‘ Purana ’ is sometimes used in Indian geological 
writings and the other two have not gained any currency. 

The main divisions shown in the Table abo\e have representatives 
in different areas, varying in facies and lithology. Besides deep-sea and 
coastal facies, we have also estuarine, fluviatile and continental facies of 
different ages. It is fairly easy to correlate the marine systems of the 
Extra-Peninsula with those of the coastal regions of the Peninsula because 
of the contained fauna. But in the case of the fluviatile and continental 
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deposits, the faunas are of local distribution and ha\'e special characters 
for which there are not e.xact equivalents elsewhere. Their age can be 
settled with some confidence if the\’ are in some way connected with marine 
beds or if the age of any similar formations in other parts of the world 
has been worked out. 

There are several stratigraphical prolilems in this sub-continent which 
await solution. The regional peculiarities of strata ha\'e necessitated 
the growth of a considerable number of local names Mhich have only a 
limited application. Geological work was originally done in a series of 
detached areas which compelled the adoption of local nomenclature. As 
these areas were connected up b\- the mapping of the intervening tracts, 
some of the local formation names have become superfluous. But, in a 
large number of cases, even though the general equiv'alence or homota.xis 
could be recognised, the local nomenclature persists because of the lack of 
identity of characters or of complete parallelism of strata in different parts 
of the country. 

By far the greater part of India has been mapped in a general way but 
there are still some blanks in Orissa, along the .\ssam-Burma border and 
in the Himalaya. These are gradually being filled up while several of 
the more important areas have been undergoing revision. Hence the 
stratigraphic information available on different parts of the country is of 
varying degrees of reliability, detail and precision, .-^mong the best known 
areas at present are Mysore, Chota Nagpur, the Nagpur-Chhindwara area 
of Madhya Pradesh, Rajasthan, Salt Range, the Sub-Himalaya of Simla- 
Garhwal and parts of the Tertiary belt of Burma. 

A generalised picture of the geological succession in different areas 
is presented in Table 6 which may be useful for reference purposes. Further 
details about individual areas will be found in the relevant chapters in 
which each geological system is described in detail. 



Table 6—General Geological Succession in Different Parts of India and Burma 

(Sy. = System; S. = Series ; B. = Beds ; Sst. = Sandstone ; Lst. ^ Limestone) 
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CHAPTER IV 


THE ARCHAEAN GROUP—PENINSULA 

INTRODUCTIOX 

The term Archaean was introduced by J. U. Dana^ in 1872 to desig¬ 
nate the formations older than the Cambrian. In America it is now 
restricted to the highly metamorphosed schistose, gneissic and granitic 
rocks, while the term Algonkian or Pre-Cambrian includes undoubted 
original sediments lying below the base of the Cambrians. In India, the 
formations below the Eparchaean (epi-Archaean) unconformity, i.e., the 
unconformity at the base of the Cuddapah System and its equivalents, 
have been included under the Archaean by Sir T. H. Holland-, with which 
view Sir L. L. Fermor^ has agreed. Within the Archaeans are included 
certain sedimentary rocks or mi.xtures of sediments and igneous rocks, 
these being generally separated into the LoK’er Transition System in order 
to differentiate them from the Upper Transition systems which appear 
above the Eparchaean unconformity. The Lower Transition rocks which 
occur in compressed and partly buried synclinoria in South India were 
included by R. Bruce Foote'* in his Dharwar System, named after the 
district of Dharwar in Southern Bombay. This term has since acquired 
a wider significance than that given by Foote through the work of several 
Geologists among whom are W. King, J. M. Maclaren and L. L, Fermor, 
so that it is now often used as a general term for the similar formations 
in other parts of India, Though objections have been raised to such a 
general usage, the term has become so well entrenched in Indian geological 
nomenclature that it is scarcely possible to discard it. Used in this broad 
sense, it ser\'es to designate the schistose Archaeans older than the Epar- 
chae an unconformity and to indicate the appro.ximate homota.xial relation¬ 
ship of these formations in various parts of India. The Dharwarian may 
therefore Jbe ^id to include those Archaean formations which comprise 
both igneous and sedimentary materials which liave been rendered schistose 
by intense folding movements. They correspond roughly to the Huronian 
of North America, while the gneissic rocks associated with them correspond 
to the Laurentian and Keewatin. 

The Archaean rocks are unfossiliferous as they were formed at a time 
when the conditions for the existence of life were unfavourable. For this 

^ Antet. Jour. Set. 3, p. 253, 1872. 

“ Trans. Min. Geol. Inst. India, I, p. 47, 1907. 

= Mem. G.S.I. XXXVII, pp, 236-238, 1909. 

* Hec. G.S.I. XIX, p. 98, 1886. 
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reason thej' are referred to as the Azoic group. W'c find howe\-er that, 
at the beginning of the Cambrian, a rich fauna appears all o\ er the world. 
This leads us to infer that there was a long period of eiolution when 
primitive organisms such as skeleton-less soft-bodied animals and plants 
of the type of worms, algae, etc. flourished. Such organisms would be 
unable to leave any recognisable impressions or relics, which could sundve 
the repeated and intense metamorphic processes to which the earth’s 
crust was subjected in Pre-Cambrian times. Some relics have been observed 
in the unaltered sedimentary Pre-Cambrians but there is often an element 
of uncertainty about them as we are unable to distinguish them from 
inorganic structures. 

The Archaeans form the basement or foundation of all the sedimentary 
systems. Because of this and their complex constitution, they arc referred 
to as the ‘ basement complex ’, ' gneissic complex ’ or ' fundamental gneiss 
The areas in which they occur are called ' shields ’ because of their great 
resistance to later earth movements which have left them practically 
unaffected. It was at one time believed that some of the Archaean gneisses 
represented the primordial or first crust formed on a cooling globe. We 
now know that the .Archaeans have been affected by several periods of 
diastrophism and large scale igneous activity. Though some undoubtedly 
very ancient gneisses should underlie the oldest schistose members of 
sedimentary origin, they arc so complex in nature and must have had so 
varied a history that they could scarcely be regarded as representing the 
original crust. 

From what has been said above, it will be apparent that the division 
of the Archaean Group into an Archaean System and a Dharwar System 
should not be carried to the extent of describing each as a separate unit, 
since the two are very closely and inextricably associated and since some 
of the granites and gneisses ordinarily thought of as .Archaean mav merely 
represent certain horizons within the schistose members. Hence these 
formations are described regionally in the following pages. 

Distribution.—The Archaeans occupy about two-t birds of Peninsular 
India and also the greater part of the island of Ceylon which is but a fragment 
of the former, now separated by a shallow strait. They stretch from 
Cape Comorin to Madhya Pradesh and Bihar and continue apparently 
underneath the Ganges alluvium into the .Assam plateau ; the Mysore 
area is also presumably connected with that of Gujarat and Rajasthan 
beneath the Deccan Traps. This vast stretch includes parts of all the 
States of the Indian Peninsula. 

In the Extra-peninsular area the Archaeans are found in the Lesser 
Himalaya and also in the Shan-Tenasserim belt of Burma. 
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MYSORE—SOUTHERN' BOMBAY 

This constitutes the type region of the Dharwar System studied by 
R. Bruce Foote in the eighteen-eighties. Since then a considerable amount 
of work has been done by the Geologists of the Mysore Geological Depart¬ 
ment. This region (including the adjoining part of Hyderabad State) 
is occupied by gneisses and granites which are tra\'ersed by a number of 
bands of schistose rocks, the latter being named after the places l 3 'ing on 
them : 


1. 

Castle rock 

6. 

Penner-FIuggei 

2. 

Dharwar-Shimoga 

7. 

Maski-Hatti 

3. 

Gadag-Damhal 

8. 

Bomanhal 


(or Chitaldrug) 

9. 

Kolar 

4. 

Sandur-Copper Mountain 

10. 

Raichur 

5. 

Bellary-Kushtagi 

11. 

Gadwal 


Besides these there are se\'eral small strips scattered over this and the 
neighbouring regions. These are all thought to be remnants of a great 
formation which formerly’ co\'ered a large part of Southern India and 
which have escaped denudation because they form synclinal strips folded 
in with the gneisses. The larger ones are evidently closely folded synclinoria 
in which some members may be repeated by folding. For e.xample, Bruce 
Foote noted about 36 beds across a section in the Sandur band which he 
believed to form a simple syncline with an overturned easterly limb ; 
since the total thickness, on this interpretation, would amount to 6 miles, 
it is very likely that this is a simclinoriiim in which some part of the section 
is repeated by folding (Fermor, Mem. LXX, p. 62, 1936). The rocks are 
isoclinally folded with a steep easterly dip and contain a succession of 
banded hematite quartzites, schists, amphibolites and epidiorites. 

The Dharwarian rocks have a regional strike of N.N.W.-S.S.E. which 
becomes N.-S. in the southern part of Mysore and even veers to a N.E.- 
S.W. direction near the southern border. 

The Archaean succession of Mysore was described by W.F. Smeeth in 
1915. This has since been revised by B. Rama Rao, whose latest ideas 
have been gi\’en in Bulletin 17 of the Mysore Geological Department. 
These two classifications are given in Table 7 for comparison. It may 
be added that Rama Rao’s ideas conform, in a large measure, to those of 
the geologists working in other parts of India and of the present generation 
of Mysore geologists. 

In Smeeth’s classification, the Dharwars, the oldest formations in 
Mysore, were held to be entirely of igneous origin and divisible into a lower 
Hornblendic division and an upper Chloritic division. This lithological 
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classification has been found to be untenable for it depends more on the 
regional metamorphic grade than on the age and stratigraphical relation¬ 
ships of the constituent members. In the northern parts of the State, 
where the Dharwars form wide bands, the chloritic types predominate in 
the form of greenstones and chlorite-schists, v\hile normal limestones, 
argillites and quartzites are also seen. In the central region, amphibolites 
begin to develop while the sedimentary types become schistose, recrys¬ 
tallised and silicified. The southern tract contains only comparatively 
small lenses and strips of the Dharwarians amidst the gneisses and they 
are conspicuously hornblendic, coarsely recrystallised, granulitic and 
fresh-looking because of the higher grade of metamorphism. Here the 
argillaceous sediments ha-i-e been reconstituted into schists and granulites 
with garnet, cordierite, staurolite, kyanite, sillimanite, etc., while the 
ferruginous quartzites have become dominantly magnetitic. It would 
appear that the Dharwarians in Mysore exhibit northerly pitching folds ; 
the southern region exposes the deeper parts of the folds with their highly 
metamorphosed rocks while the northern region shows only the shallower 
parts of the folds with rocks of low grade metamorphism. 

Formerly, all the Dharwarian types were regarded as of igneous origin ; 
the conglomerates as autoclastic and derived from felsites and porphyries ; 
the haematite-quartzites as altered and silicified amphibole rocks, and so 
on. This view has changed in recent years and a considerable part of the 
Dharwarians is now recognised as of sedimentary origin. The conglome¬ 
rates and grits are found on closer e.xamination to e.xhibit ripple-marks 
and current-bedding. The banded ferruginous rocks are recognised as 
original sediments with alternating bands of cherty or chalcedonic silica 
and iron-rich jasper or haematite, the nature of the iron oxide as well as 
the presence or absence of amphibole and garnet being determined by the 
degree of metamorphism. The limestones and calc-granulites, which were 
regarded as products of metasomatism of igneous rocks, are in part at 
least sedimentary. Some of the conglomerates which were first described 
as autoclastic, i.e. as pseudo-conglomerates whose structures ^\•ere produced 
by shearing and rolling, are now regarded as sedimentary in origin. 
There are, of course, also metamorphosed igneous rocks such as amphi¬ 
bolites, amphibole-schists, talc-tremolite-schists, serpentines, sheared 
porphyries, felsites, etc. Amongst the mixed types are various gneisses 
containing biotite, hornblende and garnet, pyroxene-granulites and calc- 
granulites. 

Rama Rao has divdded the Mysore occurrences into fi\'e geographical 
groups or zones from west to east. The westernmost contains mainly 
hornblendic schists and thin bands of haematite-quartzites. The west- 
central group, comprising the Shimoga and Bababudan belts, shows a 
fairly full succession, banded ferruginous rocks and manganiferous rocks 
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occurring in force in the Bababudan hills. The central group, comprising the 
Chitaldrug, Chiknayakanhalli and Nagamangala belts, shows much igneous 
material and also banded ferruginous rocks and limestones. The east-central 
group includes various small occurrences in which both regional and thermal 
metamorphic effects are discernible which have produced sei'eral interesting 
rock types—quartz-magnetite-granulites, garnetiferous quartzites, garnet- 
quartz-pyroxene-granulites, sillimanite-cordierite-gneisses, sillimanite- 
quartzites, cordierite-hypersthene gneisses, cordierite-mica gneisses, cum- 
mingtonite-schists, pyroxene-gneisses, etc. The easternmost is the Kolar 
schist-belt which is of great economic importance because of the rich 
gold-bearing quartz lodes in it. It is 40 miles long and 4 miles broad at 
its widest and is composed of hornblendic rocks believ^ed to be of igneous 
origin, with a band of autoclastic conglomerate at its eastern border. 

According to Rama Rao, the Shimoga schist-belt in the west-central 
area exposes one of the best developed sections of Dharwars. Typical 
current-bedding and ripple marks, indicating undoubted features of sedi¬ 
mentary origin, have been found at several places in this belt in recent 
years. The oldest rocks are basic volcanics overlain b\' rhyolitic flows 
and tuffs and intruded by sills of felsite and porphyry. With these are 
intercalated bands of chert and halleflinta. They are succeeded by thick 
beds of conglomerate containing pebbles of felsite, quartz-porphyry and 
quartzite. Above these are micaceous quartzites showing current-bedding 
in the upper layers. These are the earliest undoubted sediments in the 
Dharwars. The quartzites arc .succeeded by slaty schists, limestones and 
banded ferruginous quartzites, intruded by bosses of granite-porphyry. 
This series is followed by a bed of conglomerate indicating a period of up¬ 
lift and denudation. Further sedimentation laid down a series of silts 
and ferruginous quartzites above these rocks. The succession in the 
Shimoga belt as worked out from several sections, is shown in Table 8. 

It will be seen that the Middle Dharwars contain conglomerates, 
limestones and dolomites and banded ferruginous rocks. Several of the 
conglomerates which were originally thought to be sheared igneous rocks 
like porphyries, have since been recognised as sedimentary- conglomerates. 
They are seen in several e.xposures in the north-eastern parts of the State. 
Many of the limestones are really magnesian or dolomitic to a \ arving extent 
and these are particularly abundant in the northern part of the State. The 
banded ferruginous quartzites occur both in the north and in the south. 

In the north they are of the nature of hematite quartzites which have 
given rise to bodies of rich hematite or like those of the Bababudan hills 
which are now being worked. In the southern parts of Mysore they are 
composed of magnetite and quartz and sometimes also amphibole (cumming- 
tonite and bababudanite) and garnet, as a result of the metamorphism. 
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TABLE 8 —Dharwarian succession in the Shimoga belt 
(After B. Rama Rao, Mysore Geol. Dept. Bull. 17, p. 36) 


Upper Dharwars (Sulekere Series) 


[e) Ferruginous quartzites and cherty fer¬ 
ruginous slates with thin intercalations of 
argilhtic layers and probably of ash 
beds. {Rain-pnnts and sun-cracks in 
some sections). 

{d) Friable ferruginous silts and micaceous 
ferruginous grits intercalated with thin 
bands of limestone towards the top. 
Basic hornblendic sills. 

(r) Argilhtic and calcareous silts and fine 
grained quartzites with minute grains of 
opalescent quartz. 

(6) Quartzites. 

{a) Jandimatti and Kaldurga conglomerates 
containing pebbles of granitic rocks, 
ferruginous quartzites, schists, etc. 


Granite-porphyry masses of Rangandurga, Balekal and probably granites of Honnali, 
Shimoga and adjacent parts. 


Middle Dharwars (Hosur Series) 


' {e) Banded haematite-quartzites (Chandi- 
gudda outcrops). 

[d) Limestones, dolomites and siliceous 
limestones. 

(c) Phyllitic and chlontic schists, grey or 
greenish. 

(6) Sericitic grits and quartzites with coarse 
grains of opalescent quartz. 

(a) Conglomerates (showing pebbles of 
‘ quartzites ’ and quartz-porphyries), fels- 
pathic grits and greywackes. 


Lower Dharwars (Igneous Complex) 


f (c) Sills of quartz-porphyry, felsitc and other 
types of acid intrusives and their schistose 
phases. 

{b) Acid and intermediate flows—rhyolites, 
keratophyres, etc., with intercalated tuffs 
and ash-beds now seen as dark grey or 
bluish argillitic layers and beds, altered 
in places into compact hornstones in 
contact with (c). 

{a) Compact greenstone and greenstone- 
schists, micaceous or calciferous chlorite- 
schists, etc. (Basic and intermediate 
lava flows probably with admixed ash 
beds). 


It may be mentioned that a few comparatively small areas, parti¬ 
cularly in the Tumkur and Bangalore districts, contain special types of 
rocks amongst which may be mentioned :— 

(1) Bandite series near Bandihalli, Bangalore district, comprising gameti- 
ferous homblende-granulites, cordierite-sillimanite-gneisses, quartz-magnetite- 
granulites, etc. 
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(2) Kodamite series seen around Kodanihalli, Bangalore district, and con¬ 
sisting of cordierite-biotite gneisses with sillimanite and garnet, garnetiferous quart¬ 
zites, quartz-magnetite-pyroxene granulites, etc. 

(3) Bidaloti series named after Bidaloti near Koratgere, Tumkur district, and 
including diopside-granulites, cordierite-hypersthene-rock, sillimanite-quartzites and 
quartz-magnetite granulites. 

(4) Sakarsanite series which is developed near Sakarsanhalli about 4 miles 
S.S.W. of Bisanattam in the Kolar district, consists of calc-granulites, hornblende- 
granulite, sillimanite-quartzites, cummingtonite-schists, manganiferous limestones, 
etc. The most conspicuous member is the black manganiferous limestone or marble 
whose colour is due to the partial decomposition of the manganese garnet present. 
B. Jayaram of the Mysore Geological Department considered these as one of the oldest 
divisions of the Dharwars while Sampat Iyengar thought that they were metamor¬ 
phosed igneous rocks, in conformity witli tlie then prevalent views of the M};sore 
Geologists on Dharwarian rocks. Similar views were also expressed by M. B. Kama- 
chandra Rao and K. Snpada Rao (19*34) who made a fairly detailed study of this 
group of rocks. Fermor, however, pointed out tliat these manganiferous rocks and 
marbles have a great resemblance to those of the Saiisar series in Madhya Pradesh 
and that they are essentially sedimentary in origin. The same mode of origin should 
also be attributed to the other senes of rocks mentioned above, for they are characterised 
by minerals typical of metamorphic rocks derived from sediments, vis., sillimanite, 
cordierite, garnet, staurolite, etc. 

Champion Gneiss. —Presumably younger than the Dharwars is the 
Champion gneiss which is a sheared, grey, micaceous gneiss whose type 
area is the eastern edge of the Kolar schist belt. It contains blebs of 
opalescent, grey-coloured quartz. Some other acid igneous rocks like 
keratophyres, rhyolites, quartz-porphyries and some granites, which also 
contain the same opalescent quartz, are included with the Champion gneiss 
group, but it is not alwaj’S easy to distinguish some of them from the types 
belonging to the Peninsular gneiss group. According to Rama Rao it is 
desirable to restrict the use of the name Champion gneiss to the stocks 
and bosses of granite and granite-porphyry which are older than the Penin¬ 
sular gneiss. 

Peninsular Gneiss. —Gneissic rocks belonging to this are the most 
wide-spread group of rocks in Mysore and in many parts of Southern India. 
They consist of a very heterogeneous mixture of different types of granites 
intrusive into the schistose rocks after the latter were folded, crumpled and 
metamorphosed. They include granites, granodiorites, gneissic granites 
and banded or composite gneisses, the granitic constituents of which show 
distinct signs of intrusion. The banded gneisses consist of white bands 
of quartz-feldspar alternating with dark bands containing hornblende, 
biotite and minor accessories. The gneissic types are due to the intensive 
granitisation of older schistose rocks and show streaky and contorted bands 
some of which are granitoid to porphyritic and others granulitic. The 
granitic group ranges in composition from granite, through granodiorite 
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to adamellite, augite-diorite, monzonite, etc., and contains inclusions of 
hornblendic rocks. To what extent they represent intrusives of different 
ages it is difficult to say, but their ver 3 ^ complex nature is unquestionable 
since they include composite gneisses, migmatites, granitised older crys¬ 
talline rocks and true granites with their aplitic and quartz vein systems. 
The^' may represent rocks of different ages, i.e., the earlier schists and the 
later intrusions of possibh’ different periods. Thej’ ha\'e scarcely vet 
received an\’ attention but it will be necessary to stud}’ them in great 
detail in order to understand the geological histor}^ of the Archaean era. 

Charnockites.—The next \ounger group of rocks is the Charnockite 
Series, originalh’ described as Nilgiri gneiss or Mountain gneiss after the 
Nilgiri mountains south of Mysore which are almost entirel}’ composed of 
them. The}’ comprise a whole range of rocks \'arying in composition 
from acid to the ultrabasic. The name was first given by T. H. Holland 
(1900) to the acid type (hypersthene granite) in memory of Job Charnock, 
the founder of Calcutta. The name has also been extended to the whole 
series. 

These rocks are characterised by the presence of hypersthene ; bluish 
grey quartz and feldspar are found in the acid and intermediate rocks 
imparting to them a characteristic dark blue-grey greasy appearance. 
Microperthitic microcline is found in the acid rocks, and oligoclase or 
andesine-labradorite, often anti-perthitic and untwinned, in the others. 
Hypersthene is generally strongly pleochroic in pink to blue-green colours. 
Pale green augite or diopside and blue-green and green-brown pleochroic 
hornblende occur in the more basic rocks, the hornblende being often 
secondary after diopside. Biotite is only occasionally found. Garnet 
is fairly common ; it is sometimes derived from hypersthene and horn¬ 
blende, being ‘ spongy ’ with \ ermicular inclusions. In the basic varieties 
it is a pyrope-almandite similar to the garnet of eclogites. The minor 
minerals are magnetite (generally titaniferous), ilmenite, rutile, spinel, 
zircon, apatite, but sphene is absent. Quartz and feldspar often contain 
inclusions of minute needles of rutile and may be clouded by dusty material. 
The specific gravity varies from 2’67 in the acid varieties containing up 
to 77 per cent silica to 3’3 in the ultrabasic varieties containing 48 to 50 
per cent silica. The basic and ultrabasic varieties occur generally as small 
lenses and bands but the intermediate varieties may form bosses and occupy 
large areas. All the types may be garnetiferous. 

The type area of the charnockites is St. Thomas Mount and Pallavaram 
near Madras. According to A.P. Subramaniam the acid charnockites of 
Holland are represented in the type area by hypersthene granites, hyper- 
sthene-quartz-syenites and enderbites, while the basic charnockites are a 
group of pyroxene granulites, w’hich are not genetically related to the acid 
charnockites. The intermediate charnockites are considered by Subra- 
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maniam to be hybrid rocks formed due to incorporation of the pyroxene 
granulites by the acid charnockites. 

R. A. Howie (1955) considers the Madras charnockites “ to represent 
a plutonic igneous rock series which has undfrgone recrystallization in the 
solid state on being subjected to plutonic metainorphism 

The charnockites occur over large areas in the Peninsula. They 
occupy the Eastern Ghats from Balasore southwards to the Krishna Valley, 
Nellore, Madras, the Shevaroys, Palnis, Nilgiris and the Western Ghats of 
Southern Mysore, Coorg, Malabar, Cochin, Travancore and Ceylon. Several 
districts of Madras contain areas of charnockite. Smaller exposures 
■of similar composition have been found in the .\ssam plateau, Santhal 
Parganas (Bihar), Bastar, Bolangir, Bamra (Orissa) and in .Madhya Pradesh. 

The charnockites show a combination of characters of igneous and 
metamorphic rocks. They form bosses and lenses, along the margins of 
which crush-zones are sometimes seen. They send out apophyses and 
veins into the surrounding rocks. Dark schlieren or segregations are found 
as inclusions ; these may consist of augite, hypersthene and biotite or 
■corundum and sillimanite. Tongues of charnockite cutting across the 
foliation of the country rocks are found in Salem and North Arcot. 
Phenomena of partial assimilation and hybridism are noted near Kondapalle 
(Krishna District), Polavaram (West Godavari) and other places in the 
Eastern Ghats. Banding is fairly common {e.g., in the Shevaroys, Nilgiris 
and in parts of the Western and the Eastern Ghats), but the bands are 
neither so conspicuous as in gneisses nor persistent, for they can be followed 
only for a few yards and are generally distinct only on weathered surfaces. 
The bands consist of light feldspathic and dark hornblendic or pyroxenic 
materials. Rarely are lit-par-Iit injection of charnockite into other rocks 
seen. Contact phenomena and fine grained selvages along margins are 
not common, but are occasionally seen. Bands of mylonite have been 
noted along the margins of lenses in Salem and Mysore (these were originally 
called trap-shotten gneiss). The banding or crude foliation seems to 
ha\'e been imparted during emplacement and there are no marked evidences 
of post-consolidation folding or compression. The foliation is generally 
parallel to the regional strike— e.g., E.N.E. in the Nilgiris and in Salem, 
N.N.E. near Madras, N.E. in the Eastern (ihats, and N.N.W. to N. in 
Coorg, Western Ghats and Southern Mysore. 

Charnockites or rocks with much the same characters have been found 
in many other countries, viz. Burma ; Western and South-western .-Vustraha ; 
Kenya, Uganda, Tanganyika, Natal, Cape Province, Madagascar, Central 
and West .-Cfrica ; Adelie, Enderby and Queen Mary Lands in .\ntarctica ; 
Bahia in Brazil ; also in Finland, Scandinavia, Scotland, Greenland, 
and New York State, etc. .-^s a result, a considerable literature has grown 
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on these rocks, a comprehensive summary of which has been published by 
Dr. C. S. Pichamuthu (1953). 

The rocks were studied first by Sir T. H. Holland (1900) and described 
in a monograph. He thought that they represent an igneous suite as they 
possess a complete range in composition from acid to ultrabasic types 
and show the phenomena of intrusion, segregation and assimilation. 
Several years later, the study of similar rocks from the Adelie Land in 
Antarctica led F. L. Stillwell to describe them as products of plutonic 
metamorphism, though exhibiting phenomena characteristic of igneous 
masses. Vredenburg (1918) believed that they represented the meta¬ 
morphosed members of the Dharwarian System. A. W. Groves (1935), 
from a study of the charnockites of Uganda, advocated the view that 
they were more or less normal igneous rocks subjected to metamorphism 
at great depths and characterised by ‘ diy^' minerals with a low proportion 
of hydroxyl molecules, absence of carbon dioxide, abundant myrmeki- 
tisation and containing feldspars with exsolved perthite or anti-perthite 
etc. C. E. Tilley (1936) described a granodioritic rock with quartz, acid 
plagioclase (antiperthitic), hypersthene, magnetite and zircon, which he 
named Enderhite. This is therefore a type of acid charnockite containing 
high silica, low potash and high lime, the microcline of the acid charnockite 
being represented here by oligoclase-andesine. P. K. Ghosh (1941), from 
a study of the charnockites found in Bastar, Madhya Pradesh, concluded 
they were derived from the metamorphism of sediments rich in Fe, Mg and Ca, 
first giving rise to diopside-gneiss, which at a higher temperature changed 
to basic charnockite in which hypersthene was formed from diopside. 
At the next stage the feldspar and diopside would give rise to hypersthene 
and garnet, while hornblende would form with the fall of temperature. 
He attributed the formation of intermediate and acid varieties to additions 
of soda and potash b}- granitisation. B. Rama Rao (1945), from his e.x- 
tensive acquaintance of the charnockites of Mysore, came to the conclusion 
that they were formed by different ways from a variety of pre-existing 
rocks : these included recrystallised siliceous, argillaceous and ferruginous 
sediments which would produce hypersthene granulites ; norites and basic 
dyke rocks which would give rise to pyroxenites ; rocks rich in magnesia 
and iron which would be converted into intermediate or acid charnockite 
by the action of acid magmas. He found no clear evidence of intrusive 
phenomena and believed that much of the charnockite was older than the 
Peninsular gneiss. 

In his study of similar rocks from West Greenland, H. Ramberg (1951) 
found enderbitic gneisses in association with khondalite (garnet-sillimanite- 
graphite gneisses) and kinzigite (cordierite-sillimanite-gamet gneisses). 
He came to the conclusion that enderbitic gneiss was formed at low levels- 
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in the crust, the conditions there favouring the upward migration of hydroxyl 
molecules and elements of low density and large atomic diameter [e.g. 
potassium). Titanium and iron would tend to be liberated from the 
silicate lattices and form rutile and ilmenite. The minerals stable under 
those conditions are hypersthene, garnet and sillimanite which would develop 
at the expense of hornblende, biotite, muscovite, epidote, etc. At higher 
levels, nearer the surface, granitic and granodioritic rocks would develop 
and also high-alumina rocks like khondalites. 

F. J. Turner (1948), in his treatise on metamorphic rocks, shows that 
under the conditions of formation of the granulite facies, the acid char- 
nockite would be produced from acid magmas and basic charnockite from 
rocks of noritic and similar composition. Hornblende in these rocks may 
be in equilibrium or may be formed from diopside ; it is generally rich 
in alumina and poor in hydroxyl. The garnet of this facies is pyrope- 
almandite. Feldspars hold much Na or K in solution which are later 
exsolved and appear as microperthite or antiperthite as the case may be. 
Corundum, spinel and olivine appear in silica-poor rocks. 

It will therefore be seen that rocks with the characters of charnockites 
may be formed under deep-seated (kata-zone) conditions and may behave 
as igneous rocks. They were probably intruded into the country rocks 
at considerable depths so that the contact phenomena are not as prominent 
as in the case of intrusions of hot magmas at shallow depths. In course 
of time some mineralogical changes have occurred, such as the formation 
of amphibole from pyroxene, appearance of coronas of garnet around 
hypersthene, and separation of potash from the soda-lime feldspar and soda 
from the potash feldspar. Their presence at the surface as prominent 
hill masses may be due to uplift in post-Archaean times, which may to 
some extent explain the general freshness of their appearance and the 
comparatively light weathering they exhibit. 

Closepet Granites.—These form a well-marked band about 10 miles 
wide running north to south through Closepet and Channapatna. A few 
■other granites in the State (e.g., Chitaldrug, Hosdurga, Arsikere and 
Chamundi granites) are also probably of the same age. They are coarse¬ 
grained, porphyritic, grey to pink biotite-granites containing inclusions of 
various types of older schists and granulites. Some of the inclusions 
have been granitised and modified in composition to diorites. The granites 
are occasionally foliated in the marginal portions, while the adjacent rocks 
are in many cases contact-altered. A series of porphyries, felsites and other 
differentiates traverse the Closepiet Granites. 

This same type of granite has been described as Bellary gneiss, Arcot 
gneiss, Hosur gneiss and Balaghat gneiss outside Mysore in Southern India. 
The Dome gneiss of Bihar and the Bundelkhand gneiss of Bundelkhand 
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and Rajasthan are also similar, though the last is regarded as pre-Aravalli 
(pre-Dharwar) in age by A. M. Heron. For this type, in South India, 
the general term ' Bellary gneiss ’ has been suggested by Fermor. 

HYDERABAD 

The Dharwars are well displayed in the south-western parts of Hydera¬ 
bad State. few outlying bands are seen further east in Karimnagar and 
Warangal districts. They consist, as in Mysore, of hornblende-, talc-, 
chlorite- and mica-schists, quartzites, ferruginous quartzites, etc., having 
the same (X.X.W.-S.S.E.) direction of strike. The rest of the country is 
occupied by gneisses of which there are two types, a Grey gneiss and Pink 
gneiss. The Grey gneiss, which corresponds to the Peninsular gneiss, is 
conspicuously banded, the light bands being rich in quartz and feldspar 
and the dark bands in mica and hornblende. The Pink gneiss is granitoid, 
though occasionally gneissic, and intrusive into the Dharvi ars and into the 
Grey gneiss, and therefore similar to the Bellary gneiss. It consists of 
quartz, microcline, orthoclase, acid plagioclase, some hornblende, mica and 
epidote. Phases of the Pink gneiss are red syenitic rocks and porphy- 
ritic pink granites. They are cut up by later felsite and porphyry dykes. 
Gold-bearing quartz r'eins occur in shear zones in the schistose Dharwars 
and near the margin of the Dharwars and gneisses. 

In the Warangal district there are some zircon-syenites which are 
intrusive into the Dharwarian schists. The zircon crystals are short and 
stumpy, measuring about half an inch across. 

AXDHRA 

W. King distinguished four types of gneisses in the Xellore region, 
two being schistose and two massive. The schistose gneisses are referable 
to the Dharwars and include quartz-, mica-, hornblende- and talc-schists, 
and quartz-magnetite rocks. The quartz-magnetite rocks are banded and 
form several hills in the Guntur district near Ongole and in the valley of 
the Gundlakamma river. The massive gneisses include a grey, sometimes 
porphyritic, gneiss and a red, granitoid gneiss. The grey gneiss is banded 
and very ruriable in composition and contains streaks and bands of micace¬ 
ous gneiss and charnockites ; it is called by King the Carnatic gneiss, 
and belongs undoubtedly to the Peninsular gneiss group. The red gneiss 
is mainly granitic and corresponds to the Bellary gneiss and Closepet 
granite. The granitic gneisses and schists are intruded by pegmatites and 
quartz veins. In northern Xellore and adjoining parts of Guntur, the 
granite is in places quite rich in fluorine-bearing minerals, such as fluorite, 
apatite and topaz. The north-western portion of the Dharwarian belt of 
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Nellore is practically devoid of pegmatite intrusions but the south-eastern 
portion (Gudur and Rapur area) is rich in them including numerous lenses 
and veins containing workable deposits of muscovite mica. The Dhar- 
warian rocks and the gneisses have here roughly the same strike—(N.N.W. 
varying to N.N.E.) as in Hyderabad and Mysore. In the western part of 
this district are quartzites and mica-schists associated with sills (and flows) 
of basic volcanics, now converted into epidiorites and amphibolites. They 
are called Kandra volcanics and belong to the earlier schistose group, as 
they have also been involved in post-Dharwarian diastrophism and grani- 
tisation. 


SOUTHERN MADR.4S 

In the districts of Coimbatore, Salem and Arcot \^■hich lie to the south 
and east of Mysore, there are several synclinal strips of Dharvvars amidst 
the Peninsular gneisses, charnockites and granites. Ferruginous quartz- 
schists (haematite and magnetite-schists with quartz) are particularly 
abundant in Salem and form several hills of rather lov\- grade iron-ores. 
The strike direction of the gneisses in this region is N.E.-S.W. to E.N.E.- 
W.S.M'. 

In Southern Mysore the Dharwars thin down and only the lower and 
middle dir’isions are present in a highly metamorphosed form. These 
continue into Malabar and are represented by mica-gneisses, garnetiferous 
gneisses, quartz-schists, quartz-haematite and quartz-magnetite-schists. 
Further south, there are Peninsular gneisses and massive granitoid rocks 
which latter may be similar to the Bellarv- gneiss. It is known that in the 
southernmost districts of the Peninsula there are quartz-schists, crystalline 
limestones, garnetiferous mica-gneisses and schists, biotite-cordierite- 
gneisses, etc., which are referable to the Dharwars ; there are also the 
Peninsular gneisses, charnockites and granites. 

The areas described abo\ e contain a few other interesting suites of rocks, 
which are mentioned below :— 

Magnesia-rich rocks, Salem. —Olivine-rocks, in which magnesite 
has been developed, are found in several places in Salem and Southern 
Mysore, the best known being the " Chalk Hills ” between the foot of 
the Shevaroys and Salem town. The iiltrabasic rocks are highly altered 
and replaced by abundant veins of magnesite and sometimes by steatite 
and asbestos. A few pockets and segregations of chromite have also been 
found in them. The chromite deposits of Southern Mysore also occur 
in similar rocks. At Neyyoor in South Travancore as well as near Punalur 
on the Madras-Travancore border, there are magnesia-rich pyro.xenites 
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which have given rise to books of phlogopite mica especially near the 
contact with pegmatites. The phlogopite has been worked intermittently. 

Anorthosites, Salem. —A layered complex of meta-anorthositic 
gneisses and eclogite gabbros, the former containing layers of chromitite 
and perknite occurs as an arcuate belt, a little south of Sittampundi in 
the Salem district. This belt of rocks has a lateral extent of more than 
20 miles and a maximum width of nearly 6000 feet. The complex is widest 
south of Sittampundi from where this belt thins gradually veering to an 
east-north-easterly trend straightening out again about 5 miles further 
east near Karungalpatti. A.P. Subramaniam has interpreted this complex 
to represent a thoroughly metamorphosed gravity-stratified sheet which 
has undergone deformation and mineral reconstitution during two periods 
of Archaean orogeny. Some of these anorthosites are unique in carrying 
■calcic plagioclase Ang^.io^ described under the name ‘ indianite' by 
Count de Bournon in 1802. According to Subramaniam, reconstitution 
following primary crystallization from a basic magma modified the para- 
genesis and mineralogy of the rocks with development of new minerals 
such as hornblende, anthophyllite, pyralmandite, epidote-clinozoisite, 
gfossularitic garnet, porphyroblastic corundum (in part with calcite rims) 
and chromite with unmixed rutile. This is the only known occurrence in 
the world of a highly metamorphosed gravitj' stratified sheet, and the 
mineral associations are unique. The name Sittampundi Complex has 
been proposed for this layered series by Subramaniam. 

In the northern part of the Salem district there are bands of syenites 
and syenite-pegmatites containing corundum and hercynite crystals which 
are found strewn ov’er the weathered outcrops. They occur as lenses in the 
granite gneisses which include also biotite-hypersthene granulitic gneisses. 

Both the corundum and hercynite have been collected from the 
weathered outcrops for use as abrasives. 

Anorthosite, Trichinopoly district. —^An area composed of quart¬ 
zites, amphibolites and crystalline limestones occurs in and around Kadavur 
(10° 35' : 78° 10') in the Trichinopoly district, Madras. In this area is 
found a circular group of ridges around a central basin. The country 
rocks dip steeply away from this basin. The peripheral portions of the 
circular ridges are occupied by well foliated mafic rocks which gradually 
become massive, structure-less and felsic in the centre. The outer gabbroic 
rocks show inward dips of foliation, varying from 90° to 30° or less as one 
proceeds towards the centre. The outer margins consist of chilled granular 
facies of gabbro which give place successively to gabbroic anorthosite, 
mottled anorthosite and anorthosite without dark minerals, when going 
towards the centre. According to A. P. Subramaniam, this mass appears 
to bs a funnel-shaped intrusion which has been tilted towards the S.W. 
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The principal minerals of the rocks are medium plagioclase, green horn¬ 
blende, clino-pyroxene and ortho-pyroxene, while apatite, scapolite, ilmenite 
and magnetite are accessories, the last two being often abundant in the 
peripheral zones. The rocks in the margin carry plagioclase An 45 . 5 o, 
but towards the centre of the mass the plagioclase is Aujo,®. The 
hornblende is secondary while the ortho-pyroxene varies from bronzite to 
ferro-hypersthene, exhibiting lamellar structure of the Bushveld type. This 
anorthosite is considered by Subramaniam to be of the Adirondack type. 

Alkali rocks of Sivamalai. —At and around Sivamalai (11° 2' ; 
77° 33') are e.xposed a group of alkali rocks in about half a dozen hills which 
were originally described by Sir Thomas Holland as the Siv'amalai series 
{Mem. 30, 164-217, 1901). The rocks include nepheline-syenite and its 
varieties containing hornblende and biotite, aegirine-augite, feldspar rock 
and feldspar-corundum rock. The whole suite is characterised by soda- 
rich feldspars and pyroxenes, the former being generally micro-perthitic 
and containing 15 to 18 percent, of the anorthite molecule. The pyroxene 
in the more basic type is an aegirine-augite often intimately associated 
with some olivine and hypersthene. Occasionally also hornblende and 
titanaugite may be present. The accessory minerals are calcite, graphite, 
zircon, spinel, corundum, sphene, magnetite and ilmenite. The corundum 
and spinel are associated particularly with feldspar-rich rocks. Both 
calcite and graphite are primary. Some banding is seen in a few places 
especially near the contact with the surrounding gneissic rocks and parallel 
to the strike of foliation which is W.N.W.-E.S.E., and this banding may 
be an effect of later regional metamorphism. 


CEYLON 

The island of Ceylon is geologically continuous with the adjacent part 
of Southern India. Physiographically it is said to consist of three pene¬ 
plains, the lowest forming the general plain country', the highest the moun¬ 
tainous uplands and the middle one a unit of intermediate altitude. 
According to Wadia, the two upper units are the result of uplift of fault 
blocks. The intermediate peneplain is considered to be of post-Jurassic 
and the upper one of Tertiary' age. Ceylon is built up of Archaean rocks 
except for a narrow coastal strip in the north-western part where Miocene 
rocks occur. A belt of khondalites and chamockites forms a central 
synclinorium which traverses the island from north to south separating 
the south-eastern area of the Bintenne gneiss from the north-western area 
of Wanni gneisses. The regional strike of the rocks is .-S. in the northern 
part, N.E.-S.W. in the north-east and east, and N.N.W.-S.S.E. to N.W.- 
S.E. in the southern and south-western part. The disposition of the 
khondalites suggests that it is a southerly continuation of the Eastern Ghats 
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of Andhra while the southern portion of the island is a continuation of the 
rocks of Travancore and the southernmost districts of IMadras. 

The sequence of rock formations, as deduced by J.S. Coates, is shown 
below :— 

5. Younger Pegmatites and basic dykes 

4. Wanni gneiss of northern and north-Avestern Ceylon 

3. Charnockites 

2. Khondalites, cr\stalline limestones and associated rocks 
1. Bintenne and Kadugannawa gneiss (Vijayan Senes) 

Bintenne Gneiss. —This is well deteloped in the cast-south-east 
extending from the sea to a line drawn from Batticola through Badulla 
to Hambantota. It is a banded hiotite-gneiss consisting of alternating 
white and dark bands, the former composed of tjuartz and feldspar and the 
latter rich in biotite. Granulites, garnetiferoiis gneisses, crystalline dolo¬ 
mites and porphyritic granitic gneisses are closely associated with the 
banded types. The Bintenne gneiss is found to dip invariably under the 
khondalites and is thought to form the basement on which the Archaean 
sediments (which have since been con\-erted into khondalites) were laid 
down. But the descriptions rather suggest that these rocks are the equiva¬ 
lents of the Peninsular Gneiss group and thus to a large extent younger 
than the Dharwars of which the khondalites (quartz-sillimanite-garnet- 
gneisses with graphite and sometimes feldspar) would seem to form a part. 

The Kadugannawa Gneiss is a group of biotite-hornblende-gneisses 
exposed around Kadugannawa, frequently grading into amphibolites. 
These gneisses are intruded by charnockites and Tonigala granite. 

The older gneisses ha\-e been grouped together as Vijayan Series, but 
this appears to be a very vague term with no special significance. 

Khondalites. —These gamet-sillimanite-schists occupj' the central 
hilly portion of Ceylon around Nuwara Eliya and are found in a belt 
extending to Trincomalee. They are often banded and contain appreciable 
amounts of micro-perthite and microcline. They are associated with 
hornblende-gneiss, calc-gneiss, corundum-sillimanite rock, quartzites and 
some marbles. These rocks are regarded as metamorphosed sediments, 
as in India. 

Charnockites, —Rocks similar to the South Indian charnockites occur 
mainly in the south-west of Ceylon though smaller exposures may also be 
seen in other areas, especially in a band running N.E.-S.W. through the 
centre of the island. I hey are rather rich in micaceous types and are 
interbanded with garnetiferous leptynite. In these rocks microcline is 
rare or absent, and cakite is frequently present. 
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Wanni Gneisses. —These rocks are to be seen in a belt running N.E.- 
S.W. from a short distance north of Colombo to Trincomalee. They occupy 
the north-western third of the island north of the central highlands except 
the coastal strip between Puttalam and Elephant Pass which is covered by 
Miocene rocks. They include both granites and gneisses, the latter 
especially towards their borders. The principal type is a pink to buff 
coloured gneiss containing intrusions of hornblende granite, which is probably 
to be correlated with the Bellary Gneiss of Southern India. 

The gneisses as well as the khondalites are intruded profusely by veins- 
of granite and pegmatite. But it is only the khondalites that contain 
useful mineral deposits— e.g., graphite, phlogopite, sillimanite, apatite. 
The pegmatite intrusives contain several interesting minerals among which 
thorianite, thorite, fergusonite, monazite, zircon, .xenotime, columbite- 
tantalite, etc. may be mentioned. The feldspars in some of the pegmatites 
have given rise to moonstone. 

The latest rocks of the igneous suite are dykes of dolerite and lenses 
and dykes of ultrabasic rocks. 

The .\rchaean geology of Ceylon bears much resemblance to that of 
the Eastern Ghats region, Travancore and the adjoining parts of Madras. 
Ceylon is really a southward continuation of India, the continuity being 
interrupted by the shallow sea covering the Palk strait and Gulf of Manaar. 

METAMORPHISM OF THE SOUTH INDIAN DHARWARS 

It has already been noticed that there is progressive metamorphism 
as we follow the Dharwars from Southern Bombay to Southern Mysore. 
The metamorphism is mainly of the epi-grade in Bombay and Northern 
Mysore while it is of the meso-grade in Central Mysore and of the hypo- 
grade in Southern Mysore where pyroxenes, garnets, cordierite and silli¬ 
manite have been developed, with the association of chamockite. The 
metamorphism is mainly regional, though locally the effects of igneous 
contacts are observable. 

Detailed knowledge of the rocks in most of the areas except Mysore 
is still lacking, as the regional mapping of South India was done before 
the petrographic microscope came into general use in this country. It is 
however known that the Dharwars include both epi- and meso-grade rocks 
in Nellore where garnet, kyanite and staurolite bearing schists are found. 

In the southern districts of Madras there are tremohte and pyroxene bearing 
crj'staUine limestones and different types of schists including gametiferous 
ones, as well as large masses of chamockite. In everj^ case, where synclines 
of Dharwar rocks are exposed, the pitching of the folds is to the north, 
and the metamorphic grade increases from north to south. 
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The following general sequence of rocks in the South Indian Archaeans 
may be taken as established {Mem. G.S.I. LXX, (2), p. 110) :— 

5. Bellary Gneiss (Closepet Granite, etc ) 


4. Charnockites 


3. Beninsular Gneiss 


2. Champion Gneiss 


f Upper Dharwars (sediments with some ferruginous rocks) 

1. J Middle Dharrvars (sediments with important ferruginous ijiiartzites 
] and iron ores) 

Lower Dharwars (mainly metamorphosed igneous rocks) 


EASTERN GHATS 

The Eastern Ghats region between Bezwada and Cuttack, which 
attains the greatest width in the Ganjam-Cuttack tract, is composed of 
ridges trending in a N.E.-SAV. direction which is also the regional strike 
of the rocks. The hills are made up of gneisses, charnockites and khon- 
dalites. To their west lies a gneissic tract overlain by a great basin of 
■Cuddapah rocks which is highly disturbed and faulted on its eastern 
side, and which might have originally extended further to the east. The 
folding and uplift of the Eastern Ghats in post-Cuddapah times has been 
responsible for the removal, by denudation, of the Cuddapah rocks which 
might have covered them at one time. 

The Eastern Ghats is a region of high grade metamorphism as evidenced 
by the abundance of garnet and sillimanite. The charnockite show-s 
intrusive relationship towards the khondahte and has itself undergone 
post-magmatic changes such as albitisation and mjTmekitisation as des¬ 
cribed by H. Crookshank. The charnockites ha\-e also formed hybrid 
gneisses with the khondalites and sometimes with other ancient gneisses. 
There are, in parts of this area, some metamorphosed manganiferous rocks 
which have formed hybrid mixtures with acid igneous rocks. The kodurites, 
as these have been called by Fermor, consist of spessartite-andradite 
(contracted to spandite), orthoclase, apatite and manganese-p\ro.\ene in 
varying proportions. .Associated with these rocks there are also crystalline 
limestones, cordierite-gneisses, sapphirine-bearing rocks, nepheline-syenites, 
etc., the last being intrusive into them. 

The khondalites are para-schists, the varieties rich in feldspar being 
attributable to admixture with granitic material while the rocks were 
still at some depth. Feldspathic khondalites are common in Kalahandi, 
Jeypore and Krishna areas of the Eastern Ghats. They were originally 
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called Bezh'ada Gneiss, Kailasa Gneiss and other local names. On weather¬ 
ing, they gi\'e rise to laterite and bauxite. Fermor has shown that the 
khondalites were metamorphosed under deep-seated katamorphic (hypomor- 
phic) conditions, (the garnets being high pressure, low \'olume minerals) 
but owe their present position to regional uplift and that the western margin 
of the Ghats must be a faulted zone. Crookshank states that this postulated 
fault is not identihable ; but it is not improbable that it is obscured by 
intrusions of later granite and that the paucit 3 - of unweathered exposures 
in this thicklv forested mountainous country- makes the identification 
extremel\' diflicult. It is also probable that the Eastern Ghats region 
may ha\’e been domed up without violent rupturing of the cover of gneissic 
rocks on either side. 

The Eastern Ghats are continued into the rocks of the Shillong plateau 
of Assam, the intervening area in the Ganges delta having been faulted 
down in post-Archaean times. Near Koraput in Orissa is found a band 
of elaeolite-syenite gneiss associated with charnockite and gneissic granite. 
It shows two types, one being miaskitic in composition (from the preponder¬ 
ance of biotite oc’er hornblende) and containing some primary calcite ; 
the other type is a mylonised elaeolite-pegmatite. 

-Another rock type found near Padeni in Visakhapatnam is a sap- 
phirine-bearing hypersthene-biotite rock. The sapphirine encloses grains 
and streaks of green spinel. -Vt the border of basic charnockite and khon- 
dalite are developed cordierite-sillimanite gneisses and types containing 
biotite, sapphirine, spinel and magnetite. 

In the Bison Hill area of the Eastern Ghats near the Godavari gorge, 
there are intrusives of corundum-syenite containing large zircon crystals. 
The countrv rocks are the khondalite suite consisting of garnetiferous 
sillimanite .schists, biotite schists and chamockites. 


JEYPORE—BASTAR—CHANDA 

The structure, and to a certain e.xtent also the lithologj^, of Southern 
India is continued beyond the faulted trough of the Godavari valley into 
the districts of the eastern and southern parts of Madhj'a Pradesh. The 
Mahanadi strike persists over a large part of this area in the Archaeans. 
A considerable tract here is occupied by the rocks of the jmunger Cuddapah 
System which must formerly have covered the whole of the region now 
marked by a series of detached patches of the same rocks. The eastern 
margin of the Cuddapah basin is faulted against the Archaeans and perhaps 
even thrust over them. There is little doubt that the Khondahte region 
e-xperienced folding and faulting in post-Cuddapah and pre-Gondwana 
times. The southern part of this region is occupied by gneissic granites 
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and mica-schist, quartz-schists, hornblende-schists and other types. There 
are also granites which occupy the eastern part of Chanda and probably 
the western part of Bastar and Khairagarh. Granites, banded and foliated 
gneisses, and mica-, hornblende- and talc-schists occupy the region from 
eastern Bastar to Sambalpur. West of the Eastern Ghats, in western 
Orissa, the general strike of foliation is N.W.-S.E. which continues up to the 
Bhandara region of Madhya Pradesh. 

The work of H. Crookshank and P. K. Ghosh in Bastar and Jeypore 
has established the presence of sedimentary series of Dharwarian affinities 
here, the rocks being classified as shown below :— 


Table 9—Archaean Succession in Bastar 


Intrusive rocks 

Kopayi Stage 
Bailadila Iron-ore Series 


Bengpal Series 
Pendulner Stage 


Pegmatites, dolentes and basalts . Granites, 
injection-gneisses, aplite.s, charnockites. 

yuartzites 

Calc-schists, amphibolites, zoisite-quartz- 
grannhtes. Banded ferruginous quartz¬ 
ites and gninerite and magnetite-quartz- 
schists. 

-Andalusite-gneiss, anthophyllite-cordierite- 
gneiss, biotite- and garnetiferous schists. 

Quartzites with intercalations of andalusite 
and cordiente-gneiss. 


A large part of the above succession is of sedimentary origin. The 
ferruginous quartzites resemble those of Singhbhum and adjoining part 
of Orissa and may be of the same age. By metamorphism they have been 
converted into magnetite and grunerite-bearing schists. The andalusite 
and cordierite bearing rocks represent aluminous sediments metamor¬ 
phosed by pressure and by the effect of granitic intrusives. The granites 
have to some extent been modified in composition by differentiation and 
assimilation of sedimentary rocks. According to P. K. Ghosh, the char¬ 
nockites (pyroxene-granulites) of Bastar owe their origin to hybridism 
between granites and calc-schists. 


SAMBALPUR 

In Sambalpur, in the Mahanadi drainage, there are biotite- and horn¬ 
blende-gneisses, schists and granites. The town of Sambalpur is situated 
on a ridge of quartzite and quartz-schist of Dharwarian aspect. 

Sonakhan Beds. —To the west and north of the Sambalpur area there 
is a group of rocks, typically developed in the Sonakhan hills and called 
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the Sonak/ian Beds' by F. H. Smith, strikingly similar to the Chilpi Ghat 
and Sakoli Series. They arc steep-dipping, highly crushed and schistose 
rocks which pass under the Cuddapahs to the north. They comprise 
quartzites, conglomerates, slates, phyllitcs, hornfelses, quartz-magnetite- 
schists, garnetiferous gneiss, etc. The regional strike of'foliation is N.E.- 
S. W. There are also interbedded traps and hornblende-schists, and 
intrusi\'e basic dykes of a late age. These schistose rocks are intruded by 
a coarse porphj'ritic pink granite with a little biotite and hornblende. 
The granite and the schistose series of rocks are overlain by horizontal 
or gently dipping Cuddapahs consisting of quartzites, shales and lime¬ 
stones, and occupying a large area in Chhattisgarh". 


RAIPUR—DRUG 

Immediately to the south and south-west of the Cuddapah basin of 
Raipur there is a large tract occupied by granites and gneisses. Dhar- 
warian rocks occur in the adjoining parts of Ranker and Bastar States, 
their strike being N.^\'.-S.E. The rock t 3 ^pes include quartzites, phyllites, 
mica-schists and banded haematite-quartzites {e.g., those of the Dhalli- 
Rajhara ridges). These schistose rocks in the Drug district are overlain 
by volcanic agglomerates and epidiorites and intruded by granites which, 
occasionallv’ show quartz-porphyries along their margin. 

BILASPUR—BALAGHAT 

Chilpi Ghat Series. —The Dharwarian rocks north and north-west 
of the Chhattisgarh-Cuddapah basin have been designated the Chilpi 
Beds b\' W. King and the Chilpi Ghat Series by R. C. Burton. The rocks 
wedge in at the eastern end between the Cuddapahs and granitic gneisses 
but expand westwards into two strips, the northern one going into Nagpur 
and Chhindwara and the southern one into Nagpur and Bhandara, over a 
distance of some 40 miles. 

The rocks of the Chilpi Ghat Series strike roughly N.E. and have a 
straight northern margin and a sinuous and irregular southern margin, 
the latter being almost certainly a thnist zone. The northern band of 
e.xposures comprises quartzites, felspathic grits, shales and slates with 
intercalations of trap. The basal conglomerate contains pebbles of rocks 
which appear to ha\'e been originall}' sedimentary. The following is the 
succession according to Burton. 


' General Report of the G.S.I. for 1898-99, pp 39-42, 1899 
^ The Raipiir-Bilaspur-Raigarh area is called Chhattisgarh 
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Table 10—The Chilpi Ghat Series 

h'eet 

r Phyllites, sericite-schists and felspathic tufts ... 2500 

Blue slates and slaty quartzites ... ... 1800 

■Chilpi Ghat ] Phyllites ... ... ... ... ... 3500-—5000 

Series ' Manganese-ore ... ... ... ... 0—50 

Phyllites and jasperoid quartzites ... ... ... 200 

Basal conglomerates and grits ... ... ... 0—900 


The Chilpi Ghat Series rests on a group of rocks which includes composite 
gneisses, mica-schists, quartzites, epidotic gneisses, hornblende-schists, etc., 
which represent older rocks intruded into and shredded out by younger 
granites. 

Sonawani Series. —In northern Balaghat there is another group of 
Dharvvarian rocks to which Burton has given the name of Sonawani Series. 
The sequence of beds in this is as follows :— 


Table 11—The Son.awani Series 


Sonawani 

Series 


fPhjIhtic scliists and quartz-muscovitc-schists 

i Feldspathic quartzites 
Quartz-muscovite-scliists 

Calc-gneiss and crystalline limestone with manganese-ore (Base 
1_ not seen) 


The Sonawani Series is supposed to represent an older series than the 
Chilpi Ghats. It may be noted that each of these contains a manganese- 
ore horizon and may in part represent the Sausar Series of Nagpur- 
•Chhindwara. 


Femior has critically reviewed the reports of King and Burton and given 
the following section at Chilpi Ghat, based on King’s descriptions :— 


(Top) 

Greenstones 

Dark green clay-slates weathering buff with subordinate claystones and liard 
sandstones 

Green and white speckled grits and slates 

Coarse conglomerate 

Massive slaty beds and grits 

Slaty quartzose rocks 

Massive traps and trappoids 

(Bottom) 

In this interpretation the conglomerates are not at the base but they 
are assigned a position about the middle of the series. They contain 
pebbles of quartzite, red silicified gneiss, red jasper, tourmaline-ijuartz 
rock, etc., some of which are distinctly older in age than the Chilpis. The 
traps may be younger than, and intrusive into, the Chilpis. 1 he Chilpi 
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Ghat Series is separated from the overlying Cuddapahs by a well-marked 
unconformity. 

In this region there are three groups of granitic rocks. The oldest 
are fine-grained schistose biotite-gneisses : the next one is a streaky 
au,gen-gneiss ; the youngest is a granite called the .\mla granite. 

There are uncertainties regarding the relationship between the Sona- 
wani Series and the Chilpi Ghat Series and both have yet to be carefully 
mapped and connected up. At present, however, the general succession 
of rocks of this region may be given as below :— 

5. Granite 

4. Porphyritic and augen gneiss 
3. Schistose biotite-gneiss 

2. pilpi Ghat Series \ p^ssmiv partlv overlapping 

1. Sonawani Series J - r . rr o 


NAGPUR—-BHANDARA 

SakoH Series.— The Chilpi rocks continue westwards and bifurcate, 
the southern strip occupying parts of the Nagpur and Bhandara districts, 
and the northern strip going into Nagpur and Chhindwara, There is no 
distinct stratigraphical unconformity between the rocks of these two areas, 
which are called the Sakoli (southern) Series and Sausar (northern) Series 
respectively. It appears likely that the Sakoli Series may be an upw'ard 
continuation of the Sausar Series since there is not much lithological resem¬ 
blance between the two, e\'en allowing for the different metamorphic 
grades. The rocks of the northern belt dip generally to the S,S.E. and S, 
and those of the southern to the N.N.W., while the middle or axial region 
may be a zone of faulting or overthrusting. The southern belt (Sakoli 
Series) contains chlorite and sericite-schists and hematitic iron-ore of a 
low grade of metamorphism, in contrast with the northern belt (Sausar 
Series) which is characterised by calc-granulites, marbles, garnetiferous 
schists and mangaiK-se-silicates and gondites. 


Table 12 —The Sakoli Series 

Quartz-dolente 

Tourmaline-muscovite granite and pegmatite 


r 

I Sakoli 

j Seneb 

Sausar J 

Series *, 


^ Crushed albite-microcline-q uartzite 
Phyllite and srate 
J Hematite-sericite-quartzite 

' Chlonte-muscovite-schist with chloritoid, epidote- 
chlonte-schist, jaspilite, phyllite, and chloritic liorn- 
blende-schist 

Amphibolite and garnet-amphibolite 
Dolomites, crystalline limestones, calciphyre and 
chlorite-tremohte-schist 
IVIicrocline-muscovite-quartzite 
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The lower part of this succession seems to contain recognisable equi\'a- 
lents of the Sausars ; the amphibolites may be referred to the Sitapar 
Stage, the dolomites, etc., to the Bichua Stage and the musco\-ite (|uart?ites 
to the (ihorbaoh Stage, all these being parts of the Sausar Series (see below). 
The upper part constitutes the Sakoli Series, the rock.s of which .sometimes 
show evidences of regressive metamorphism such as the con\'ersion of .silh- 
rnanite to muscovite, and garnet and biotitc to chlorite. Local patches 
contain kyanite and dumortierite, which are attributed by S. K. Chatterjee 
to the effects of hydrothermal metamorphism. 


N.LGPUR—CHHIND\VAR.\ 

Sausar Series.—In the northern belt referred to abo\ e. as one pa.sses 
from the Chilpi Ghat area westwards, phyllite.s gi\e place to schists of a 
high grade of metamorphisni while calcareous rocks be,gin to attain im¬ 
portance. The rocks in this belt have been called the .^ausar Series and 
the succession as worked out by Fermor and West LXX, part 2, 

p. 270, 1940) is given in Table 13, the letters (X) and (C) indicating develop¬ 
ment in the Nagpur and fhhindwara districts respectively. 

Table 13—-The S.ausar Series 


stage 


Riu-k T\pe^ 


(.V) Sapgliota 

(C) Sitapar 
(C) Bichua 


(A’) Junawani 
(A') Chorbaoli 

(A') Mansar 


(C) Lohangi 


(C) Utekata 
{Nj Kadbikhera 


r,ai nct-antlioplij llitc-schists, chlontc-.^chists, mag- 
netite-quartz-rocks 

Hornblende-schists, garnet-amphibolites, pyroxenites 
Pure Facies : White dolomite marbles with ser¬ 
pentine, spinel, cliondrodite, tremohte, diopside, 
forsterite 

Impure Facies : Diopsidites. diopside-rjuartzites, 
actinohte-schists with wollastonib', grossiilarite, 
tremolite and anthophyllite 
Tabloid muscovite-biotite-schists 

E'elspathic muscovite-quartz-scliists and quartzites 
(sometimes with muscovite and microcline) 
Schistose micaceous gneisse.s and muscovitc-biotite- 
sillimanite-schists. witli gondites and manganese- 
ore bodies ; also some garnet-quartzites 
Pink calcite marbles and calciph) res, black mangani- 
ferous marbles, piedmontite-marbles and some 
manganese-ores 

Banded calc-granulites, sometimes scapohtic 
Magnetite-biotite-granulites 


Note.—It is uncertain whether the Sapghota Stage is a separate entity but it 
apparently contams more ferruginous matter than other stages, though by volume 
(extent and thickness) it is rather unimportant. 
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The abo\-e belt contains the best manganese-ore deposits of India and 
has been mapped in detail by the Geological Survey between the years 
1951 and 1955. The strike of foliation of the rocks is N.E.-S.W. in the 
eastern part, E.-W. in the middle and W.N.W.-E.S.E. in the v estem part. 
The major fold-axis dips steeply to the south in general, but it has itself 
been subjected to cross folding and cross faulting. E.xtremely compli¬ 
cated folding, thrust faulting and shearing characterise the belt. The 
lowest beds in the succession are biotite-gneisses of the Utekata Stage 
followed by the Lohangi Stage and by a gondite horizon. .4bove these 
come the Mansar Stage, the main gondite horizon, the Chorbaoli, Junewani 
and Bichua Stages. The gondite horizon is 3 to 8 feet thick on an a\'erage, 
locally attaining 20 to 40 feet thickness as at Mansar, Chikhla, Dongri 
Buzurg, Barweli, etc. Close isoclinal folding of the horizon sometimes 
results in a considerable increase of the apparent thickness of the manganese- 
ore beds. 

There are no conglomerates at the base of the Sausar Series and it is 
not known whether there are any rocks older than and underlying these. 
Three series of ortho-gneisses younger than the Sausars have been recognised, 
viz .— 

3. Later granite and pegmatite, including the Amla granite 
2. Streaky gneisses derived by the intrusion of aplitic material into (1), and 
into the schistose members of the Sausar Series 
1. Granodioritic biotite-gneisses, porphjTitic and augen gneisses 

The relationship between the Sausars and Chilpis is obscure. The 
•Chilpis may be regarded as either younger than the Sausar Series or as a 
lateral v^ariation. In the former case, the nianganiferous rocks of Balaghat 
and Ukua, \\'hich occur in the Chilpis, should be regarded as a younger 
horizon than the Mansar Stage. The absence of calcareous rocks in the 
Chilpis deprives us of useful aids in correlation. In Fermor’s opinion, 
the Chilpis may represent the upper portion of the Sausars and may even 
include beds higher in sequence than any found in the latter. 

J.4BALPUR 

This region is separated from the Nagpiir-Bhandara-Balaghat region 
by a stretch of Deccan Traps which cover all the earlier formations. The 
formations here comprise conglomerates, j'hyllites, mica-schists, calcitic 
and dolomitic marbles, banded ferruginous rocks associated w'ith manganese 
and iron-ores, with sills of altered basic igneous rocks, all these having a 
foliation strike of E.N.E.-W'.S.W. In the neighbourhood of Sleemanabad, 
the schistose rocks are traversed by veins containing copper-ores. The 
4:ongloinerates are aurifeious but are too low in grade to be workable, as 
detailed prospecting indicated less than two dwt. of gold per ton. 
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The aLove series of rocks was first referred to the Bijawar Series 
(Cuddapah System) by C. A. Hacket and dii ided into four stages, named 
respectively the Majhanli, Bhitri, Lora and Chanderdip groups from below 
upwards, but these are not definite stratigraphic units. Marbles and 
calc-rocks occur in the lower beds while ferruginous formations and iron- 
ores occur in the upper beds. The rocks bear an extraordinary resem¬ 
blance to the Pre-Cambrians of Singhbhum and Gangpni' and ha\'e been 
shown by Fermor to belong to the Dharwar system. (Fermor, 1909, p. 805 ; 
Krishnan, 1935). 


RAJASTHAN 

Parts of Rajasthan were mapped originall}’ by C. A. Hacket and later 
by La Touche and Middlemiss. During the present century the whole 
region has been mapped by A. M. Heron, assisted by A. L. Coulson, B.C. 
Gupta, P. K. Ghosh and others. The geology has been described in a 
series of papers and an e.xccllent summary of the work has been gii en by 
Heron. 

The characteristic feature of the country is the presence of several 
groups of rocks belonging to the Archaean and Pre-Cambrian, forming a 
folded mountain system running across it from the north of Delhi in the 
north-east to the Gulf of Cambay in the south-west. This mountain 
system was formed in Pre-Cambrian times, folded again in post-Delhi 
(? Cambrian) and affected by faulting probably in Mesozoic times. The 
central part of the Aravalli ranges is occupied b)' a great synclinorium 
composed of Delhi and Aravalli rocks. Trending roughly in the same 
direction as the ranges is the Great Boundary Fault of Rajasthan along 
which the ’\dndhyans on the east have been uplifted to a maximum height 
of perhaps 5,000 ft. Because of the semi-arid nature of the country the 
rock exposures are good but in the w'est and south-w'est the\ are often 
engulfed in sandy alluvium and desert sands. The geology is of great 
complexity and at present all we can say is that the preliminary work, of 
which an account is given in the following pages, is liable to drastic rer ision 
in coming years. 

The major formations of pre-Vindhyan age which have been classi¬ 
fied in Rajasthan are shown below :—- 

5. Malani suite of igneous rocks 

4. Delhi System 

3. Raialo Senes 

2. Aravalli System 

I. Banded Gneissic Comple.x and Bundelkhand Gneiss 
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The Archaeans consist of the Bundelkhand Gneiss and the Banded 
•Gneissic Complex, the latter forming composite gneisses which include 
much undoubtedly original sediments. The .\ra\-allis which are an enor¬ 
mously thick series of overwhelmingly argillaceous rocks are the equivalents 
of the Dharwars of South India. The Raialos which are more than 2,000 
feet thick, are considered to be intermediate in age between the .4ravallis 
and the Delhis. The Delhis, consisting of sandstones and shales, resemble 
the Cuddapahs and are probably about 20,000 feet thick. After the deposi¬ 
tion and folding of the Delhis there occurred a series of igneous intrusions 
Avhich include the Erinpura, Jalor-Siwana and Idar granites as well as 
the Malani suite of volcanic and plutonic rocks. The ^'indhyans which 
are considered to be partly of Cambrian age are younger than the succession 
represented by the rocks mentioned above. The Pre-\hndhyan succession 
as given by Heron is reproduced in Table 14. Since the Delhi System is 
now regarded as the equi\'alent of the Cuddapah System which is considered 
post-Archaean, this section will deal only with the pre-Delhi rocks. 

The Bundelkhand Gneiss. —The main exposure of; this group 
•occurs in the Berach Valley between Chitor and Bhilwara and is o\'er 70 
miles long. It is overlain bj' the \dndhyans in the south and elsewhere 
by the Banded Gneissic Complex. In its typical form, the Bundelkhand 
Gneiss is a pink to reddish, medium grained, non-foliated, non-porphyritic 
granite. The chief minerals are quartz, orthoclase, subordinate micro- 
■cline, and a little of ferromagnesian minerals. The quartz has a violetish 
•opalescence while the feldspars are usually somewhat altered. The rather 
sparsely occurring ferromagnesian minerals, biotite and green hornblende, 
are more or less altered to epidote and calcite. Accessory minerals are 
generally scarce, ^'eins of pegmatite are infrequent but those of micro¬ 
granite and aplite are common. Here, as in Bundelkhand, the rock is 
traversed by prominent quartz reefs and numerous dolerite dykes. There 
is little doubt that the Bundelkhand Gneiss of Rajasthan is identical with 
that of Bundelkhand, though the two are separated by o\'er 250 miles of 
younger rocks. 

Towards the west, near the junction of Berach and Bagan rivers, the 
Bundelkhand Gneiss gradually becomes well foliated and grey coloured, 
with knots of quartz and feldspar and small quantities of scricitc and chlorite. 
The gradation is probably due to the partial assimilation of the schistose 
•country rocks. 

Over a verj- large part of its exposure this formation is more a granite 
than a gneiss and resembles the younger granites (Bellary Gneiss, Closepet 
Granite, Dome Gneiss, etc.) rather than the true older gneisses of .\rchaean 
age. Dr. Heron states, however, that there is a small but distinct ‘ erosion 
5 
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unconformity ’ between them and the Aravalli schists which are the equi¬ 
valents of the Dharwars, and hence regartls them as older tlian the Aravallis. 

The relationship of this to the Banded Gneiss is not known as the 
junction is covered by the Aravallis. It is possible, according to Heron, 
that it may really represent the granitic constituent of the Banded Gneiss. 
Near the north-eastern edge of the great mass in Bundelkhand there are 
numerous xenoliths of older age, consisting of quartzites, argillites, horn- 
blende-biotite-schists, etc., which have undoubtedly been intruded by 
them and torn off from the original schistose basement. There is therefore, 
considerable support for the view that they may really be post-Ara\alli 
in age. 

The Banded Gneissic Complex. —The rocks belonging to this group- 
consist of alternating bands of biotite-gneiss and granite, Biotite and 
chlorite-schists, which may represent earh’ sediments, are found as con¬ 
stituents of these in Southern Mewar. In places they grade into a granite- 
gneiss or even into an unfoliated granite. They contain also some horn¬ 
blende-schists and epidiorites, representing interbedded altered basic 
igneous rocks. The Gneissic Comple.x is traversed by pegmatite and 
aplite veins, apparently derived from granitic rocks of different ages. 

Banded Gneisses also occur in Central and North Mewar and in Ajmer, 
comprising dark-coloured schists and garnetiferous granulites intruded 
by biotite-granite. .Another type of gneiss which may belong to the same 
group occurs west of the synclinorium and consists of a fine-grained and 
somewhat foliated porphyritic granite. Another \ariety of this gneiss 
is the gre\ line-grained slightly foliated granitic gneiss along the foot of the- 
Aravalli Range on the north-western side of the Delhi synclinorium. 

The Banded Gneissic Comple.v is also intimately associated with 
crystalline limestone near Ras (26" 19' ; 74° 11'), which is probabl}' the same 
as the Raialo limestone. North-west and west of Amet (25° 19' : 73° 56') 
the gneisses are found to surround some exposures of quartzites with which 
they have conformable dips, indicating intimate association between the 
two. In the south-vestem area the gneisses are cut up and penetrated 
by the Erinpura Granite and is ultimatelv completely replaced by it. 

With regard to the age of the Banded Gneissic Complex, it may be 
mentioned that Crookshank (1948) states that their schistose components 
in northern Mewar are essentially the same as Aravalli schists and that 
they represent granitised -Aravalli schists. N. L. Sharma (1953) states 
that K. L. Bhola, who has studied the .Aravallis on either flank of the 
sj’nclinorium in .Ajmer and Jodhpur, is also of the opinion that the Banded 
Gneisses are the granitised representatives of the .Aravallis. According 
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to Heron, however, there is a distinct erosion uniformity between the 
Banded Gneisses and the o\erlying AraT allis and the former are nowhere 
exposed in juxtaposition to the Bumlelkhand Gneiss. 

The Aravalli System.—The Aravalli -Avstem is dominantly argillace¬ 
ous in composition and of great thickness. The rocks show increasing 
metamorphism as they are followed from east to west into the highly folded 
region. 

The basal beds, which rest on Btmdelkh.ind Gneiss or the Gneissic 
Complex, are arkose and grittv ijuartzites. .Above these come shales and 
phyllites with which are associated some altered basic volcanics in places. 
Impure argillaceous and ferruginous limestones occur in two facies, one 
being a lenticular ferruginous limestone as in Bundi and Mewar and the 
other black massive limestone as near Udaipur city. In some jilaces there 
are quartzites instead of limestones. The whole series of rocks is well 
foliated and injected lit-par-lit by granitic rock, resulting in mica-schists 
and composite gneisses as in Mewar and Idar. 

.An unmetamorphosed facies of the .Aravallis occurs in Eastern Mewar 
■east of the Great Boundary Fault of Rajasthan. This has been named 
the Binota Shales and consists of low-dipping, brown and olive shales with 
ferruginous and clay concretions. In the east, the Binota .shales are 
succeeded by the Jiran .Sandstones, \'indhyans or the Deccan trap. To 
the west of the Boundary Fault, the .\ravallis arc rejiresented by steep- 
■dipping slates and impure limestones intruded by dolerite. Followed 
westwards, these shales become first distinctly slaty or phyllitic, and later 
schistose, with the development of staurolite, garnet and kyanite. 

The voungest members of the .Aravallis are the reddish sandstones 
and quartzites seen near Ranthambhor and Sawai Madhopur in Jaipur 
State. The unmetamorphosed .Aravallis of Chitor can be followed north¬ 
eastwards along the strike through Bundi State into South-eastern Jaipur, 
where they are associated v ith the Ranthambhor Quartzites. The.se rocks 
have resemblance to the shales of the (iwalior Series but there seems to be 
no doubt that they are of Aravalli age, according to Heron. 

In the Ranthambhor area the rocks form a syncline composed chiefly 
of (juartzites 3,500 feet thick, interbedded with subordinate shales and sills 
and flows of dolerite. The dip of the rocks is 25^ to 30’ at the edges of the 
syncline, but practically horizontal at the centre. The edges form fairly 
well marked scarps often 500 to 600 feet high. The quartzites are reddish 
to pink and are much more compact than Vindhyan quartzites. They 
are well jointed and contain intercalations of shale beds. 1 he shales are 
more compact than similar 3 indhyan shales and are purplish to black and 
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sometimes spotted. They are not cleaved but break into tile-like fragments. 
Sometimes ripple marks are seen in both the shales and quartzites. 

There are at least five horizons of trap in these rocks, which appear 
to be intrusive. The traps are uniform in grain and of varying thickness. 
The topmost trap sill in the Ranthambhor syncline is at least 70 feet thick, 
while the one below is about 200 feet thick. The other sills are much 
thinner. They weather at the surface into a ferruginous gravelly material 
known as moorimi. The Traps consist of feldspars and pale green augite 
showing a little alteration to chlorite. Olivine may or may not be present. 
Grains of ilmenite and pyrite are common. The traps of the Ranthambhor 
area are identical in characters with those of the neighbourhood of Gwalior. 

The quartzites are underlain by a large thickness of shales which have 
been gently folded during the compression of the whole series. There is 
no unconformity between the two types of rocks, though the shales have 
yielded more to compression than the sandstones. 

Near Hindaun (26' 44' : 77’ 6'), beds of a similar character (and 
similarly resembling those of the Gwalior System) are found forming a 
series of outcrops 20 miles long along the edge of the plateau of Upper 
\’indhyans. They strike parallel to the .Aravalli ranges. The characte¬ 
ristic formation consists of a dark siliceous hematite, banded white chert and 
red jasper. The bands are much contorted and the strata dip at high angles 
(60° to 70°). There are also quartzites, black slates, trap and impure 
limestones in the sequence. The hematite beds have given rise to iron- 
ore and red and yellow ochres. These are undoubtedly much older than 
the lower \'indhvans which rest on their upturned and denuded edges 
with a profound unconformity. The Hindaun rocks resemble those of the 
Morar Stage of the Gwaliors ver\' closely, though the latter are 80 miles 
away, but \\ hereas the Gwalior Series of Gwalior are practically horizontal, 
those of Hindaun have been subjected to folding because they are near 
the Aravalli fold axis. 


The Gwalior Series of Gwalior city and neighbourhood are separated 
from the Aravallis by a belt of \'indhyans having a width of about 80 miles, 
but they resemble the unmetamorphwsed .Aravallis. Though they lie 
distinctly to the east of the continuation of the strike of the Aravallis, 
they may possibh- belong to the Aravalli System. 

Near the Hew ar-Partabgarh border, there are several e.xposures of an 
amygdaloid, associated with ferruginous sandstones and cherts and overlain 
by the Khardeola Grits. These last consist of conglomerates, grits, grey- 
wackes and slates intercalated with slates of Aravalli aspect. There may 
be a slight unconformity between the .Aravallis and these rocks. 
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GUJARAT 

Outcrops of ancient schists associated with gneissic rocks are found 
about 40 miles E.N.E. of Baroda in Gujarat. These were called the 
Champaner Series b}? \V. T. Blanford [Rec. 2, 1869). Their relationships 
were obscure until Heron connected them up with the Arar'alli rocks of 
Rajasthan by continuous mapping. They are now known to be identical 
with the Aravalli System of Rajasthan which are considered to be the 
eijuii’alents of the Dharwarians of South India. The Champaner Series 
includes quartzites, conglomerates, slates and limestones which har'e been 
metamorphosed to some e.xtent. Near Jotwad and Jombughoda in 
Nariikot, they contain also manganiferoiis quartzites, gondites and crys¬ 
talline limestones associated with manganese minerals. There are also 
highly folded and banded gneissic rocks associated with porphyritic biotite- 
gneisses and granite-gneisses. At Shivarajpiir, in the neighbouring Ranch 
Mahals district, good deposits of manganese-ore associated with gondite 
rocks have been e.xploited for many years. In this area also jaspery quart¬ 
zites, siliceous and sericitic slates and calcareous rocks form the Champaner 
Series. There is a great similarity between the fhampaners and the Dhar- 
M arians of the type area in South Bombay. There is therefore very little 
doubt that the rocks of Champaner are continuous with those of the Dharwar 
district underneath the corner of Deccan Trap which hides the .Archaean 
geology of the intervening country. 

The Aravallis have been intruded by fine-grained aplo-gramte which 
is found as bosses and also as lit-par-lit intrusives, c.g., near Udaipur, 
continuing thence into Dungarpiir. There are also ultrabasic rocks, now 
seen as talc-chlorite-serpentine rocks. Others, including granite, epidiorite 
and post-Delhi dolerite, are also met with, but these are less important 
than the ones mentioned above. 

Presumably intrusive into the Aravallis are the Soda-syeintes of 
Kishengarh (26° 34' : 74° 52') which have been described by Heron {Mem. 
65, Pt. 2, p. 152, 1934). They are found in a series of small hills near the 
junction of .Aravallis and the overlying Delhi Quartzites. They are known 
to be intrusive into the Banded Gneisses, but no intrusive contacts have 
been seen in relation to the Aravallis or the Delhis. 'I hey are pres'flmed 
to be older than the Delhis as the DeHii Quartzites overlie them, though 
they do not contain any fragments derived from the syenites. A new 
interpretation has been advanced that the Delhis have been thrust ov^er 
the .Araiallis and that the soda-syenites have been intruded into this 
junction zone and that therefore they are post-Delhi. It is also probable 
that thev may be correlated with the soda-syenites associated with pyro- 
.xenite, gabbro and picrite described in Sirohi by Coulson (1933) which are 
known to be post-Delhi but pre-Malani. 
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These syenites maj' be granitoid, or banded. They consist of nepheline, 
sodahte, cancrinite, orthoclaso, microcline, some albite and a pleochroic 
ainphibole (blue green to greyish j'ellow). The weathered surface is pitted 
and greas\' looking when rich in fcldspathoids and present a lustrous pearly 
surface when highly feklspathic. They are associated with pegmatites 
consisting of coarse crystals of nepheline, bine to colourless sodahte, white 
to yellow cancrinite, and dark amphibole. Some of these pegmatites har e 
a pale carmine colour when freshly broken but the colour fades ycry 
soon. 

Raialo Series.—The Kaialo Series overlies the Aravallis and is overlain 
by the Delhi System, the junctions in both cases being markedly uncon- 
formable. The Raialos are included in the Archaeans, the eparchaean 
unconformity being considered to be the break which intervenes between 
the Raialos and the Delhis. They consist in the main of limestones, about 
2,000 feet thick, with thin basal sandstone and conglomerate. The lime¬ 
stones often rest directly on the older rocks without the intervention of the 
basal sandstones. In the Rajsamand area in Mewar, the limestones are 
overlain by micaceous quartzites and mica-schists which have been highly 
metamorphosed and partly converted into gneisses. 

The main e.xposures are those of .-Vlwar-Jaipur around Raialo, the type 
locality : in .Ajmer and Mewar on the north-western flank of the syncli- 
norium at Makrana, Ras and Godwar ; and on the south-eastern side of the 
synclinorium, north of Udaipur city and through Nathdwara, Rajsamand 
and Kankroli into Par-Benara and Jahazpur hills. The exposure of the 
unmetamorphosed limestone of Bhagawanpura, east of Udaipur is also 
considered to be Raialo. 

In the type area in .Alwar (Mem. 45) there are basal quartzites resting 
on granite passing upwards into thin-bedded slaty and micaceous quartzites. 
They are overlain by 2,000 feet of pure white, hard saccharoidal dolomite 
marble with obscure stratification. There are also j'ellow pink and brown 
marbles, the impure bands showing tremolite and actinolite. The top 
beds are chert}- and contain some patchy deposits of hematite. The 
celebrated Makrana marble deposits consist of a series of ridges trending 
X.X.E.-S.S.W. for over five miles, the intervening hollows being filled by sand. 
The rock.s show steep easterly dip and considerable variation in thickness. 
Much the greater part of the formation is a white, medium to coarse grained, 
calc-marble with cloudy grey patches. There are also beds of rose-pink 
and blue-grey colours. \ few veins of pegmatite related to Erinpura 
Granite have penetrated the marble here though in most other e.xposures 
the marbles are free from intrusions. 


South-west of Makrana, near Ras (26° 19' : 74° IT) fairly extensive 
outcrops of marble are found over a strip 50 miles long and 1 mile wide. 
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Tho composition of the material is v'ery varied, from limestone to calc- 
f^neiss. the usual type being a coarse saccharoidal calcitic marble with 
diopside and a little white mica. There are inter-bedded bands of blue 
grey limestone with knots of cjuartz, feldspars and calc-silicates which 
stand out on weathered surfaces. 

.\t Godwar in Jodhjiur, 90 miles S.W. of Ras, they are e.xposed as 
crystalline marbles and calcareous-schists. In the Sarangwa quarries, 
w here the marble band is one mile long, they are surrounded by the Erinpura 
Granite which has been responsible for marmorization. 

In the Udaipur, Nathdwara, Rajsamand and Kankroli areas, the 
marble (Rajnagar marble) is underlain by 30 feet of conglomerate and 
thin quartzite. The marble is a pure white dolomite. In the Rajsamand 
syncline the beds above the marbles have been converted into mica-schists 
intruded b}- granite, sometimes forming banded gneiss. 

In the Jahazpur and Sabalpura Hills in N.E. .Mewar, they form two 
riflges exposing both the basal quartzites and dolomitic marbles. The 
(juartzites contain numerous quartz and granite veins. The passage beds 
between the two formations consist of a ferruginous breccia. 

The Bhagwanpura Limestone in Mewar. 1,000 feet thick, is an un¬ 
metamorphosed dolomite forming a broad outcrop parallel to the Great 
Boundary Fault from Chitorgarh southwards. White, grey, pink, crimson 
and brown colours are .seen but the material is fine-grained, hard and not 
visible cr\'stalline. It contains disseminated silica, iron oxide and small 
clots of jasper. 

Though frequently closely associated with the Erinpura Granite the 
Raialo Limestone is not ordinarily penetrated by it. The metamorphism 
to marble and calciphyre with calc-silicates has been mainly due to the 
regional folding to which the formations were subjected. 


Bl'NDELKH.WD 

The Archaeans of Bundelkhand are separated from ttio.se of the 
Madhya Prade.sh, Bihar and Rajasthan by the \'inflhyans and Deccan traps. 

Bundelkhand Gneiss. —The greater part of Bundelkhand is occupied 
by the Bundelkhand Gneiss. It forms a semicircular ma.ss 200 miles long 
(E.-W.) and 120 miles broad (X.-S.). It is realit' a massive granite with 
rare and obscure banding or foliation, so that the term ‘ gneiss ’ is rather 
a misnomer as applied to the typical rock. It has the same characters 
here as in Rajasthan and comprises tine to coarse grained as well as occasional 
porphyritic varieties. The mineral constituents are quartz, pink ortho- 
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clase, hornblende, and the micas. It forms a flat undulating country, 
to the south-west of which occur the ‘ Transition rocks ’ and \dndhyans 
which form a hilly country’. The schistose rocks in the south-western 
part include hornblendic, chloritic and talcose schists, but mica-schists 
seem to be practically absent. The schistose rocks, however, do contain 
patches of typical Bundelkhand Gneiss. Where occasional foliation is 
developed in the Bundelkhand Gneiss, it has a general E.N.E. direction. 

The Bundelkhand Gneiss is traversed by pegmatite veins and well 
marked quartz reefs of varying dimensions. These quartz reefs form a 
characteristic feature of the landscape in Lower Bundelkhand and trend 
in a N.E. or N.N.E. direction. They are up to 100 yards wide and can 
be traced for long distances. In some places they form dams across the 
courses of streams. They consist of bluish white quartz associated some¬ 
times with a little serpentinous material. It is interesting that the quartz 
reefs stop short of the schists in the south-western region. 

There are also numerous basic igneous dykes traversing the gneiss, 
their general trend being N.N.W. or N.W. These are also fairly prominent, 
though not as much as the quartz reefs. In contrast with the quartz 
reefs, which show the effects of some crushing, the basic dykes are free from 
disturbance or metamorphism. 

SINGHBHUM 

Singhbhum in Southern Bihar is one of the regions which has been 
mapped in some detail and information about which is of modem character. 
The rocks show two facies, an unmetamorphosed one in the south and a 
metamorphosed one in the north, separated by a major thrast zone. 

This thrust zone extends from Porahat in western Singhbhum through 
Chakradharpur, Amda, Rakha Mines, Mosaboni and Sunrgi into Mayurbhanj 
State, over a distance of 100 miles. It has an E,-W. course in the western 
part and turns to the S.E. in the eastern part, finally merging with the 
Eastern Ghats. The thrust zone marks the overfolded limb of a gean¬ 
ticline. Two lesser zones of thrast are found further north, one along the 
northern border of the Dalma lavas in Southern Manbhum and Midnapur, 
and the other still further north along the boundary of the granitic and 
schistose rocks. The three zones are parallel to each other and to the 
Satpura strike which prevails over Southern Bihar and much of Madhya 
Pradesh. They converge in the neighbourhood of Goilkera (between 
Manoharpur and Chakradharpur) as a result of which the rocks are seen 
to be tightly folded in that region. 

South of the main thrust zone, the rocks are little metamorphosed, 
though affected to some extent by the disturbance of the Eastern Ghats 
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movements. They have been thrown into folds whose axes are parallel 
to N.E.-S.W. (or N.N.E.-S.S.W.) which is the general trend of the Eastern 
Ghats. Since the rocks to the north of the thrust zone have been found 
to belong to the same series as to its south, and since the former frequently 
show relics of earth movements earlier than the Satpura disturbance, it 
may be inferred that the Eastern Ghats movements were earlier than the 
Satpura ones. H. C. Jones recognised the following succession in the 
Archaeans of Southern Singhbhum. 

Newer dolerite 


Granite 


Ultrabasic rocks 


Iron-ore Series 


f Basic lavas 
Upper shales 

Banded haematite-quartzites 
Lower shales 

Purple and grey limestones (local) 
Basal conglomerate and sandstone 


Older Metamorphics—Quartzites, quartz-, mica-, 
hornblende- and chlonte-schists. 

The Older Metamorphics consist of a group of metamorphic rocks 
including hornblende-schists, quartzites, quartz-schists, micaceous and 
chloritic schists which have been highly folded and eroded before the 
deposition of the Iron-ore Series. They are found as a series of small 
exposures isolated by the Singhbhum Granite. Jones states that there is 
a profound unconformity between them and the overlying Iron-ore Series, 
and that the base of the latter is marked by conglomerates and sandstones. 
These are overlain by purple, somewhat satiny, phyllitic shales and beds 
of banded haematite-quartzites. The shales contain some deposits of 
manganese-ore, mainly pyrolusite and psilomelane, derived from the shales 
themselves by a process of concentration by meteoric waters. They are 
worked in the Koira valley in Keonjhar south of Jamda and in several 
other places further south in Keonjhar and Bonai. The haematite- 
(juartzites, which have a thickness of well over 1,000 feet, form prominent, 
isoclinally folded ridges capped by beds of very high grade haematite. 
They are composed of alternating layers of cherty silica, jasper and haematite, 
the individual layers varying in colour from white, through grey and brown 
to nearly black. The layers are from a tenth to a quarter of an inch in 
thickness but may sometimes be much thicker. The hematite-quartzites 
give evidence in some places of the presence of oolitic structures and of 
siderite which has since been replaced by hematite. They are generally 
free from clastic debris, indicating deposition in quiet waters far from the 
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shore. They arc intricately folded and contorted, the minor structures 
being apparently attributable to local adjustments after deposition, mostly 
while still in a plastic condition, and also during replacement and slumping. 
The iron-ore is thought to have been derived from the enrichment of the 
haematite-quartzites through solution and replacement of the silica by 
ferric oxide. In addition to the rich, compact, massive ore forming the 
outcrops, there are also slightly porous hiscmt-iike ores and hnely crys¬ 
talline powdery ores known as blue dust. Lateral variation from one tvpe 
of ore to another and to hematite-quartzite, the presence of partly enriched 
fragments of hematite-quartzite in the ore and other features point to the 
replacement origin of the ore. Other modes of origin and dern ation from 
tuffs have been attributed to some of the less important ore-bodies of Xorth- 
em and Eastern Singhbhum. 

There are some basic lavas in South Singhbhum which appear to be 
younger than the Iron-ore Series. In North Singhbhum, however, the 
top of the Iron-ore Series shows intercalations of contemporaneous la%'a 
flows, tuffs, and agglomerates which are known as the Dalma traps. The 
Iron-ore Series is intruded into by ultrabasic rocks—peridotites, saxonites 
and dunites which have largely been converted into serpentine and talc. 
Some of these occurrences near Chaibasa contain workable lodes of chromite. 
To a later date belongs the Singhbhum granite which is tras'ersed by 
innumerable dykes of Newer Dolerite. 

In the thrust zone or closely associated with it are magnetite-apatite 
rocks and also copper lodes attributed to the soda granite known as Arkasani 
granophyre. \A’’orkable copper lodes occur at Mnshaboni and Rakha 
Mines and a few other places. 

To the north of the main thrust-zone, in North Singhbhum, the Iron- 
ore Series forms a geanticline composed of mica-, hornblende- and chlorite- 
schists. The schists contain garnet, staurolite and kvanite, the last 
forming large deposits in Lapsa Buru and other places in Singhbhum and 
along the same zone in Mayurbhanj. Banded haematite-quartzites are 
unimportant in North Singhbhum, being represented mainly by phyllitic 
rocks. The geanticline shows, just to its north, a syncline of Dalma traps 
which are silicified to some e.xtent in the basal portion and also include 
sheared talcose and chloritic rocks. 

North and north-west of these rocks there occurs a large spread of 
granite and gneiss, the Chota Nagpur granite-gneiss. Intrusions of soda- 
granite with granophyric structure (Arkasani granophyre) are seen along 
the main shear zone and also along the northern border of the geanticline. 

J. A. Dunn has re-mapped parts of the Iron-ore Series of South Singh¬ 
bhum and re-interpreted the succession {Rec. 74, p. 28, 1939 ; Mem. 62, 
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Pt. 3, 1940 ; and Mem. 69, Pt. 2, 1942). He considered the Older Metamor- 
phics as forming part of the Iron-ore Series. Tlie conglomerates and 
sandstones are regarded by him to be younger than the Iron-ore Series and 
are now assigned to the basal portion of a new Kolhan Senes in whicli are 
included the limestones and some of the shales. The Kolhan Series, which 
is probably of Cuddapah age. is said to be <iuite undisturbed near the border 
of the granite but highly disturbed further west and north-west. 

In Eastern Singhbhum (Dhalbhum), to the south of the main shear 
;:one and in the adjoining part of Ma3'’urbhanj, the Iron-ore Series is un- 
conformabh’ overlain by the Dhanjori Stage of quartzites, .sandstoiues and 
conglomerates, followed bv lavas and phyllites. The Irmi-on’ Series 
contains ferruginous phj’llites and poor iron-ores in Dhallihum but good 
deposits occur in Majmrbhanj m the Gorumahisani, Sulaijxit and lladam- 
pahar hills. The ferruginous rocks have been altered in places to grunerite 
bearing rocks, mainlj^ perhaps by contact metamorjdii.sm bv granite. The 
Iron-ore Series is intruded by gabbro, picrite and anorthosite, which are 
often found altered to epidiorites, talc-schists, talc-chlorite-schists, tremolite- 
schists (with asbestos), etc., and contain lenses of titaniferous and vanadi- 
ferous magnetites. A few occurrences of these magnetites are found 
around Dublabera in Dhalbhum, but larger ones are said to occur within 
the Mayurbhanj State. 

Table 15 shows the gene.ral succession now tentatively adopted for the 
whole of Singhbhum. 

Table 15— Archaean Succession in Singhbhum 

PURANA 


Newer Dolerite (b 
Singhbhum Granite 
Arkasani Granophyre 
Chota Nagpur Gneiss 
Dalma and Dlianjon Laras 
Dhanjon Sandstones &c. 

- Unconformity —-- . 

IKON-ORE SERIES {cr.ba^l^^'e 

Intrusive into the Iron-ore Series there are ;—(1) Ultrabasic rocks, 
(2) Chota Nagpur Granite and Gneiss, (3) Singhbhum Granite, (4) .Arkasani 
Soda-granite and Granophj-re and (5) Newer Dolerite. These are briefly 
described below. 

The Ultrabasic rocks are found as a series of lenses in South and 
East Singhbhum and in Mavurbhanj. Some occurrences a few miles 


Kolhan Series 
— Unconformity 
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S.W. and W'.S.W. of Chaibasd comprise peridotites, dunites and saxonites 
which have been partly serpentinised and sihcitied, and contain veins of 
chromite up to a foot thick. These have lieeii affected by folding and 
are therefore regarded as older than the Singhbhum granite which is un¬ 
affected. The age of the few e.xposures of similar rocks, found in the Bonai 
area south-west of Singhbhum, is not definitely known. As already 
mentioned, the occurrences in Dhalbhum and Mayurbhanj include gabbro, 
pyro.xenites and anorthosites. Tremolite and talc rocks ha\-e been derived 
from some of them, while in a few places they contain titaniferoiis and 
vanadiferous magnetites. 

The Chota Nagpur Granite-gneiss^ occupies an immense tract 
to the north of the Dharwarian rocks of Singhbhum and Gangpur. The 
northern belt of this e.xtends from Santhal Parganas through Hazaribagh 
to Palamau and the southern one from Bankura to Ranchi and Jashpur 
and further west. It is distinctly intrusive into the Iron-ore Series and 
assumes a banded and composite aspect near the margins of the schistose 
rocks, as for example as along the Gangpur-Ranchi border. It is generally 
coarse and porphyritic and contains quartz, microcline, orthoclase, oligoclase, 
biotite, a little apatite (and occasionally .some green hornblepde, in Singh¬ 
bhum). Tourmaline is frequently seen but especially abundant in the 
pegmatitic phase as in Southern Ranchi. In parts of Manbhum, Ranchi 
and Hazaribagh, it weathers into tors and is called the Dome Gneiss. The 
composite form of the rock used to be referred to as the Bengal Gneiss 
in earlier geological literature. It resembles the Peninsular Gneiss to a 
great extent. Its later phases are pegmatites, aplites and quartz veins, 
the last being often auriferous in Chota Nagpur. 

The Singhbhum Granite occupies large area.s in Singhbhum, Mayur- 
bhanj, Keonjhar, Bonai, Bamra, Sambalpur, etc. It is a calc-alkali granite 
probably related to the Chota Nagpur Granite but it is generally considered 
to be later in age. In composition it varies from a potash granite to 
granodiorite and contains orthoclase, microcline, acid plagioclase, biotite 
and some hornblende. It is generallj^ granitoid in te.xture but occasionally 
becomes streaky when associated with schistose rocks. 

The Arkasani Soda-granite is seen in Kharsawan and Seraikela 
in Singhbhum, mainly along the major zone of thrust. The chief type is 
a granophyre with inter-growth of quartz and feldspar, grading into a soda- 
granite. The granite around Chakradharpur in Singhbhum is probabl}^ 
a modified form due to contamination by schistose rocks. It seems to be 
slightly earlier than the Singhbhum Granite in age. 

* Chota Xagpur is a terra applied to the region comprising the Singhbhum, 
Ranchi, Gangpur and adjacent districts. It is also the name of a Commissioner’s 
division in Bihar which includes the Ranchi, Hazaribagh, Palamau, Singhbhum and 
JVIanbhum districts. 
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The Newer Dolerite is the latest intrusive, appearing as dykes in 
the Singhbhum Granite. The dykes, which are particularly abundant in 
South Singhbhum and Keonjhar, have a major direction of N.N.E.-S.S.W. 
and a subsidiary one of N.N.W.-S.S.E. They vary in width from a few 
feet to as much as 600 or 700 yards, and can often be seen standing out 
clearly in the granite country as low ridges for miles. The rock is a dolerite 
or quartz-dolerite with granophyric structure. The thicker dykes are 
gabbroid or noritic in the central portions. Dykes of augite-granophyre 
are also known among them (Krishnan, 1935). 

G.4NGPUR 

To the west of the Singhbhum district, in Gangpur (now called Sundar- 
garh district), there is an anticlinorium or geanticline which has an E.N.E.- 
W.S.W. a.xial direction. The structure is closed towards the east but is 
cut up and obscured by granitic intrusives to the west. The strike becomes 
W.N.W.-E.S.E. in western Gangpur, in conformity with and influenced 
by the Dharwarian strike of the Mahanadi and Brahmani \-alleys just to 
the south and south-west of this region. 

The anticlinorium shows the following succession of rocks, as worked 
out by Krishnan (Table 16) and named by him the Gangpur Series. 

Table 16— The Gangpur Series 

Iron-ore Series Phyllites, slate‘> and lavas 

Kaghunathpali conglomerate 

- shear zone- 

' Phyllites and mica-schists 
Upper carbonaceous phyllites 
Calcitic marbles 

Gangpur Series ... ...s Dolomitic marbles 

Mica-schists and phyllites 

Lower carbonaceous quartzites and phyllites 
Gondites with associated phyllites (Base not seen) 

There is a general increase in the grade of metamorphism when the 
rocks are followed from the Singhbhum border on the east to the centre 
of the anticlinorium on the west. It should, however, be noted that some 
of the rocks, which have phyllitic appearance and characters, are really 
products of retrogressive metamorphism, containing relics of garnet, 
staurolite, biotite, etc. The Satpura strike (E.N.E.-W.S.W.) is found to 
be superimposed on an earlier, presumably Eastern Ghats, strike which is 
prominent south of this area. 

The oldest rocks are gondites. found in the central or axial region of 
the anticlinorium. They contain, besides quartz-spessartite rocks, also 
those with rhodonite, blanfordite, winchite, etc., associated with workable 



142 


GEOLOGY OF IXDIA AND DTRIIA 


[chap. 


bodies of mang-anese-ore. They are succeeded bj' carbonaceous quartzites 
and phyllitcs, dolomitic and calcitic marbles and carbonaceous phyllites, 
these being intercalated with phyllites and mica-schists. The carbonaceous 
phyllites are flagg\- or slaty in certain places while the marbles contain 
ver 3 " large reser\‘es of good limestone and dolomite which arc now being 
used as fluxes in the iron-smelting furnace of Bengal and Bihar. Large 
quantities of the limestone are also burnt into quick-lime, well-known in- 
the Calcutta market as Bisra lime, named after Bisra which is a railwa\' 
station near the Singhbhum-Gangpur border. At the top of the succession, 
is a shear zone in which the Raghiinathpali conglomerate is involved. It 
is a sedimentary’ conglomerate which has suffered intense shearing as a 
result of which an autoclastic character has been imposed on it. The 
overlying beds are phyllites and mica-schists belonging to some part of the 
Iron-ore Series. The Gangpur Series is intruded bv basic sills (jiresumably 
the equivalents of Dalma traps) and by bosses of the Chota Nagpur granite. 
The basic rocks have been converted into schistose amphibolites and 
epidiorites containing amphibole, chiiozoisite. ilmenite and magnetite. 

The Gangpur Series is deduced to be older than the Iron-ore Series 
since it forms an anticlinorium surrounded bj- the Iron-ore Series ; the 
lithology is different, calcitic and dolomitic marbles, gondites and carbo¬ 
naceous rocks being characteristic of the Gangpurs ; the basic igneous 
rocks which occur as flows in the Iron-ore Series form sills and occasional 
dykes intrusive into the Gangpur Series. 

Disregarding the Older Metamorphic Series, there are two groups of 
rocks in the Dharwars of Chota Nagpur—-the Gangpur Series characterised 
by manganiferous rocks and marbles, and the Iron-ore Series containing 
iron-ores. These two show close aftinities respectively with the Sausar 
and Sakoli Series of Madhya Pradesh. 


THE SON ^■ALLEY AND ADJOINING AREAS 

North and north-west of Ranchi and Hazaribagh, schistose rocks are 
found in the Mirzapur district, in the drainage basin of the Sone ri\ er which 
is a tributary of the Ganges. Mallet recognised two series in this area, 
separated by an unconformity. The lower division, called the Agon 
Stage, includes slates, chloritic schists, schistose quartzites, jaspers, thin 
limestones and basic igneous rocks. There are also some slates and por- 
cellanoids which are thought to constitute the upper di\’ision. No marbles 
or gonditic rocks seem to have been found amongst these rocks. The 
sequence would therefore seem to be the equivalent of the Iron-ore Series. 
It is intruded by gneissic granite which is evidently’ the same as the Chota 
Nagpur Granite-gneiss. In the Palamau district there are crystalline 
limestones, graphitic schists, epidiorites and quartz-magnetite rocks. 
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In parts of the Gaya and Hazaribagh districts there are various types 
of schistose rocks—biotite-schists, sdlinianite-gneisses, calc-granulites and 
epidiorites, which have been extensively granitiscd by the Dome Gneiss 
intrusive into them. The general strike of foliation of the rocks is E.N.E.- 
W'.S.W. The Dome Gneiss is here contaminated by the absorption of 
schists and is characterised by the presence of quartz, microcline, oligoclase, 
ihotite and occasional hornblende, with fluorite as an important accessory. 
Numerous mica-beanng pegmatites trawrse the gneisses and schists and 
contain rich deposits of mica together with beryl, monazite, pitchblende, 
triplite and other minerals. 

Further east, in the Rajgir, Kharakpur, Gidhaur, Shaikpura and 
■other hills, there are quartzites, crush conglomerates, jaspery quartzites, 
slates, phyllites and mica-schists, having a general E.-W. or E.N.E.-W.S.W. 
strike. The quartzites are generally the most prominent members and 
form scarps. The schistose rocks ha\-e been highly disturbed and ha\-e an 
irregular boundary with the gneisses which arc intrusive into them. These 
may belong to the Dharwars or to the Cuddaj^ahs. 

BENG.AL 

The Midnapur area of Bengal is continuous with Dhalbhum (Eastern 
Singhbhum) and contains gneisses and schists similar to those found in 
the latter. The gneissic rocks are of the type formerly known as the Ben,gal 
■Gneiss, akin to the Peninsular Gneiss of South India. 

A few miles to the south of the Kanigauj coalfield, there is exposed 
an interesting group of rocks comprising anorthosites, labradorite-pyro.xene 
rocks, anorthosite-gabbro, norite, grano-diorite, granite and pegmatite. The 
anorthosite forms masses and dykes, the largest mass occupying an area 
20 miles in length and 6 miles in width. The igneous suite is intrusive into 
the Dharwarian schists and is thought to be derived from the differentiation 
of a single ultrabasic magma, the anorthosite being regarded as a product 
of cr 3 'stal settling. 


A.SSA3I 


The .Assam jilateau lies along the continuation of the .-Archaeans of 
Bihar but is separated from the latter by the Ganges-Brahinaputra valle\'. 
The plateau comprises the Garo, Khasi and Jaintia hills and to its north¬ 
east is the detached area of the .Alikir hills. 

The Archaeans are represented here by gneisses, schists and granites, 
having a general N.E.-S.W. direction of strike of foliation, i.e., parallel to 
and more or less along the continuation of the Eastern Ghats of Orissa. 
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There is naturallj- much local variation, and in parts of the Garo hills the 
Satpura strike may be seen. 

Extensive tracts of the ancient rocks are found in the Khasi and Jaintia 
hills. The oldest seem to be banded, composite, hiotite-granite-gneisses. 
The granitic constituent is sometimes porphyritic and sometimes fine 
grained and aplitic, and consists of quartz, microperthite, some microcline, 
oligoclase and biotite, with garnet, apatite, zircon and rare sphene as acces¬ 
sories. The gneisses are associated with gamet-quartzites viith or with¬ 
out sillimanite. In the area west of Shillong, there are hornblende-biotite- 
gneisses and biotite-cordierite gneisses with N.E.-S.W'. strike of foliation. 

In the granite-gneiss of the Nongstoin area, Khasi hills (Assam) occur 
lenses of quartz-biotite-sillimanite-cordierite rocks and quartz-sillimanite 
rocks with sillimanite-corundum masses. These occupy a belt half a mile 
wide, with general E.-\\’'. strike. The economically important lenses 
consist of massive sillimanite with a little corundum, some showing silli¬ 
manite only and a few corundum only. To the east these rocks are cut up by 
granite, in which lenses of sillimanite rock may be found. The massive 
sillimanite rock is sometimes traversed by veins of coarse fibrous sillimanite. 
On weathering the sillimanite alters to kaolin or to a micaceous material. 

The gneissic complex is apparently ov'erlain by the Shillong Series 
which is regarded as younger. The Shillong Series is mainly of sedimentary 
origin and is the equivalent of the Dharwars. It is composed of quart¬ 
zites, conglomerates, phyllites, sericite-, chlorite-, mica-, and hornblende- 
schists, with occasional carbonaceous slates and banded ferruginous rocks. 
Some of the schists are garnetiferous. The assemblage bears some resem¬ 
blance to the Iron-ore Series of Chota Nagpur and to the Dharwarian rocks 
in general. Similar rocks are exposed in the Simsang valley in the Garo. 
hills and also in parts of the Mikir hills. 

The Shillong Series was first intruded by the Khasi Greenstones — 
epidiorites, amphibolites and amphibole-schists.—which have been folded 
up with them and are therefore presumably of Archaean age. It shows 
some gradation towards gneisses near the junction with granitic rocks. 
Distinctly of later age is the Mylliem Granite which forms bosses and also 
thin interfoliar veins in the schists. It is a pink, homogeneous, fairly coarse 
biotite-granite containing porphyritic pink microcline, orthoclase, some 
acid plagioclase, biotite and hornblende, with apatite, zircon, magnetite 
and sphene as accessories. Over most of its area the granite is fairly massive 
and non-foliated but is occasionally streaky and may show xenoliths of 
quartzite and basic segregations. A grey granite also occurs in these 
areas which is thought to be a variety of the Mylliem Granite. 
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In the granite and gneisses are found certain lenses and patches of 
intermediate to basic pyroxene-granulites which greatly resemble the 
charnockites. This should cause no surprise since similar occurrences, 
thought to be metamorphosed mixed rocks, have been found in recent 
years in Mysore, Bastar, and other areas. 

The granite, and to some extent the gneisses, are traversed by dykes 
of dolorite ; in the more southern areas there are flows of the same rock 
which are frequently vesicular and amygdaloidal, with intercalated ash- 
beds. These are the Sylhet Traps, which are pre-Upper Cretaceous in age 
and resemble the Rajmahal and Deccan Traps. The rock is a dolerite or 
basalt, sometimes \^■ith olivine which is generally more or less serpentinised. 


CORREL.\TrON OF THE PENINSULAR ARCHAEANS 

The study of the Archaean rocks is beset with many difficulties which 
do not crop up in the case of later sedimentary systems. There is, in the 
Archaeans, a complete absence of fossils which are of invaluable help in 
determining the geological age. They include a great variety of formations, 
both igneous and sedimentary, but the original characters have been 
obliterated by repeated changes. Metamorphism has produced not only 
mineralogical and structural changes but has also removed or introduced 
materials resulting in marked changes in composition. In addition to the 
effects of temperature and pressure, there are also those of igneous contact, 
magmatic stoping, assimilation and hybridism. The cumulative effect 
of these factors is the production of a bewildering variety of petrological 
t 3 '^pes with complex characters which must necessarilv be confusing and 
difficult to unra^'el. It is common experience that similar rock tvpes may 
originate from xery diverse original materials and that quite dissimilar 
tj'pes mav’ be evolved from one tj’pe of original rock. 

Intensive work has been, and is being, done in \ arious parts of the 
world to solve the difficulties confronting the studj- of these ancient for¬ 
mations. Though notable progress has been made during the present 
century, a great deal still remains to be done, especiallv in the phvsical 
and chemical problems involved. 

In the correlation of sedimentary formations it is usual to rel\- on the 
lithology, stratigraphical superposition and fossil contents for purposes 
of age determination and correlation, since one or more of these is alwaj's 
available for settling questions of inter-relationship of strata. These 
criteria are, however, either absent or comparatively of little help in the 
case of Pre-Cambrian formations, and especially of metamorphic complexes, 
for they are devoid of fossils, their lithologj' is transformed by metamor- 
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phism and their stratigraphicai relation.ships confused by intricate folding, 
disturbance and dislocation. 

Nevertheless, these and other criteria have to be used in connection 
with these ancient rocks. Sir L. L. Fennor has discussed this question 
in the introductory part of his memoir on the ' .\ncient schistose formations 
of Peninsular India ’ (.1/ew. C.S.I. LXX. Pt. I. p. 9-25) under the following 
heads :— 

I .Stratigraphicai -M-ijneiico aiul continuity 

2. Structural relationship, f g , presence of imconlormities anil relation.sliip to 
periods of folding 

3 Relationship to igneous intrusions 

4. Associated ore-jeposits of epigenetic origin 

5. Lithological composition 

6. Chemical composition 

7. Grade of metamorpliisiii 

8. Uranuim-lead and thorium-lead ratios 
These criteria may now be briefly examined 

1. The stratigraphicai sei|ueiice worked out in detail in one area may prove 
very helpful m an adjacent one where the lithological units and grade of metamor- 
phism are similar. Local variations are, however, to be taken into account. 

2. The sequence may he made complex by folding, shearing, and ovortlirust 
phenomena. Inverted and incomplete seijuciices are common and folding may some¬ 
times be so complex that only repeated and close study may finally help to solve the 
question of inter-relationship of the strata. Unconformities which separate two 
groups of strata are usually marked by conglomerates, but these latter are often crushed 
and schisted, some of the adjacent rocks also becoming involved in the crushing. 
Structural features arc of great importance in the study of these rocks since these 
might prove helpful when other criteria lad. 

3 Several periods of intrusion of granitic and basic rocks are recognised in the 
Archaeans, If the sequence of igneous action is once satisfactorily established, it 
will be possible to observe the effects of successive intrusions on the associated formations 
and deduce the age of the latter. At least three granitic intrusions are inferred to 
have taken place at different times during the Archaean era in India, but the igneous 
history is different in different areas and our knowled.ge of this aspect of the subject 
13 still scanty and far from satisfactory. 

4. Ore formation is often related to igneous actn ity and a knowledge of the 
history of ore-deposits can be of much help in stratigraphicai problems. 

5 & 6. Lithological ami chemical composition of the component parts of a 
succession are valuable criteria in determining parallelism m stratigraphicai sequences. 
But It should be realcsed that, even if the beds are contmiions over large areas, they are 
liable to lateral variation. .Iletamorpliism and changes ottected by igneous emanations 
may alter the character of the beds within short distances. Yet, certain types of peculiar 
composition, found in uidelv separated areas, may serve as useful indicators of particu¬ 
lar horizons. Though such evidence may not be entirely dependable by itself, it might 
prove important if used in conjunction with other evidences. 

7. The effects of metamorphism of different grades, under varying conditions 
of load, compression and temperature, are now well recognised. The effects can be 
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very varied even in a single, more or less continuous, area For purposes ot correlation, 
the intensity or grade of metamorphism and the local metamorphic liistorv will have 
to be carefully studied, in conjunction with other factors. 

8 The present centur}”- has seen the dev^elopment of radio-activity which lias 
had a very profound influence on fundamental physical concepts. Since radioacti\ e 
disintegration of certain elements proceeds at definite rates and results m definite 
end-products, these measurable quantities can be used for determining the time that 
has elapsed since these materials were formed in the crust. As lead and lulium are 
the final products of the radioactive disintegration of uranium and tlioriiim. thu careful 
quantitative determination of lead and helium and their ratio to the parent elements 
can yield data as to tlieir age. There are, how’ever, several uncertain factor.^^ involved 
—the degree of weathering and alteration, accession or loss of material by replacement, 
the presence of isotopes, etc. In using the helium method, the uncertainties are oven 
greater as we do not know what influence the physical properties, structure, texture, 
environment, etc., of the sample, and the mode of collection and preparation thereof, 
have on the preservation of the helium evolved. In spite of the difhciiltje", liowcvcr, 
useful results have been got, though the data arc yet very scantv 


CORRELATIOX 

The above-mentioned criteria can be applied with success in limited 
areas wherein the rock series are more or less continuous. I'ncertainties 
come in when correlation is sought to he made between detached or distant 
areas. 

The schistose or Dharwarian rocks are now recognised as the oldest 
Archaeans in most of the areas. The oldest Dharwars are probably of 
igneous origin, tlie sedimentary material gradually increasing in the younger 
strata. In Rajasthan, however, the Banded Gneissic Complex and the 
Bundelkhand Gneiss ha\'e been regarded by Heron as older than the Aravallis. 

In several areas a part of the Dharwars is characterised by the associa¬ 
tion of ciy'stalline limestones and manganese-bearing rocks, and another 
part by banded ferruginous rocks and iron-ores. These associations can. 
be used as criteria for purposes of correlation, on the assumption that 
at a certain period of the earth’s histor\- these special types of sediments 
were deposited. The manganese-bearing rocks and marbles belong to 
an older series than the iron-ore-bearing rocks. 

The manganese-marble association is seen in the .Sausar Series. Gangpur 
Series, the Champaners ot Gujarat, part of the Aratmllis, the lover portion 
of the Jabalpur rocks, the Eastern Ghats rocks with kodurites and 
niarbles, and a few small exposures in VIvsore like the Sakarsanite and 
Bandite Series. These may be regarded as forming the lower division of 
the Dharwars. 

Banded ferruginous rocks and iron-ores characterise the Iron-ore 
Series of Chota Nagpur and Bastar, the Sakoli Series, the Chilpi Ghat Series, 
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the Dharw ars of the type area, the Shillong Series, the Middle Dharvvars 
of Mysore, the rocks of Salem, the upper portion of the sequence in Jabal¬ 
pur, etc. In some areas they are associated with manganiferous sediments, 
the manganese-ore segregated from which is usually ferruginous and 
constitutes lateritoid deposits. These different groups may therefore 
be put together in an upper division of the Dharwarian System. 

The Raialos form an upper division abov'e the Aravallis, and may be 
considered the equivalents of the ‘ Upper Dharwars ’ of Mysore. The 
newly separated Kolhan Series of Singhbhum may be their equivalent or 
may be even of Cuddapah age. 

The Dharwarian System invariably includes basic rocks which have 
been folded with them and metamorphosed. Two or more periods of 
granitic intrusion are recognised, the latest granite being generally non- 
foliated and hence later than the main diastrophism. The earlier gneissic 
granites include the Peninsular Gneiss, the Bengal Gneiss, the Banded 
Gneissic Complex of Rajasthan, etc. The later granite is represented by 
the Closepet Granite, the Bellarv', Hosur and Arcot gneisses, the Dome 
Gneiss, the Singhbhum Granite, the Amla Granite and Mylliem Granite. 

The complexity of the Archaeans prevents us from attempting any¬ 
thing more than the above broad indication of correlation. Much detailed 
and intensive work will have to be accomplished before an acceptable 
scheme of detailed correlation becomes possible. Table 17 gives the general 
equivalents as suggested in the above discussion. 
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THE ARCHAEAX GROUP—EXTRA-PENINSULA 

Pre-Camhrian formations occur throughout the length of the Himalaya 
but onl\- a few regions have so far been studied—Kashmir-Hazara, Sinila- 
Garhwal, Sikkim-Bhutan and parts of Burma. Information on other 
parts is cither \'ery meagre or wanting. 

There is also a special difficulty in dealing with this region, z-a., that 
there is not always sufficiently detailed information for separating the 
Archaean and .Algonkian formations. W’e have therefore to deal with 
all the Pre-Cambrian rocks of the Himalayas here though it may not be 
logical to consider the Algonkians before dealing with the Cuddapah and 
\u'ndhyan Systems of the Peninsula. 

.4 considerable amount of work has been accomplished in the Himalayas 
in recent years by D. N. Wadia, W. D. West and J. B. Auden and by the 
participants in the several Himalaj^an e.vpethtions. 


XORTH-W’EST HIMALAYA 

Pre-Cambrian rocks are developed in this region in Chilas, Gilgit, 
Baltistan, Northern Kashmir, Ladakh and Zanskar and continue through 
Kumaon into Nepal and Sikkim. In Kashmir and Hazara they are called 
the Salkhala Series and comprise slates, phyllites, quartzites, mica-schists, 
carbonaceous and graphitic schists, crj'stalline limestones, dolomites and 
biotite-gneisses. They are highly folded and compressed and have been 
involved in the movements which brought the Himalaya mountains into 
being. The Salkhalas are well seen in the Nanga Parbat, in the mountains 
north of the Kishenganga and in the Pir Panjal where they are highly 
metamorphosed and subjected to regional granitisation. They are often 
found thrust over rocks of Permo-Carboniferous or later ages. As is to- 
be expected, the grade of metamorphism varies from place to place, some 
of the slates in the less affected areas being scarcely distinguishable from 
the Dogra Slates of a later (Purana) age. 

The Salkhalas are associated with a gneissic complex, parts of the 
constituents of uhich might possibly be older. The gneisses include 
granulites and biotite-gneisses containing quartz, orthoclase, acid plagioclase 
and biotite, sometimes with porph 5 rritic structure and prominent gneissic 
banding. There are also some hornblendic gneisses in the complex. The 
bands of the gneisses comprise schists of various descriptions—^biotitic. 
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muscovitic, honiblendic, taJcose and chloritic. The gneissic rocks are 
well displayed in the region of the Zanskar Range and to its north. Exposures 
are also seen in the Dhauladhar Range, I’ir Panjal, and other areas. 

7Tie Salkhalas are, according to 1). X. Wadia, comparable to, and 
probably homotaxial with, the Jutogh Series of the Simla area. Much 
of the interc'ening area remains 3 ’et to he mapped. 

The Salkhalas and the gneisses are traversed by later igneous intrusives 
including gabbro, p 3 Toxenite, dolerite, hornblende-granite, tourmaline- 
granite and pegmatite. The ' Central Gneiss ’ of the Himala^'a is appa¬ 
rently’ a mixture of rocks of various ages, Jiiainly’ of granitic composition, 
some being early Tertiary and some pre-Tertiary. The hornblende- 
granite is presumably of Tertiary age as it is seen to be intrusive into 
Cretaceous rocks at the head of the Burzil valley. 

The Salkhalas and the gneisses are succeeded by the Dogra Slates 
which are mainly argillaceous with minor layers of (quartzites, quartzitic 
slates and hags. They are unfossiliferous and are overlain by the fossili- 
ferous Cambrians of Kashmir. Since they form a thick series, their range 
in age is not known, but the}’ would appear to extend downward from 
Lower Cambrian to Pre-Cambrian and may be the equivalents of the 
Vindhyans and possibly also part of the ('iiddapahs. 

The Dogra Slates are also found in the Pir Panjal and parts of the 
Kishenganga valley i.Muzaffarabad district), .-similar rocks are present 
in Hazara and in the Attock district of the Punjab where they are called 
the Attock Slates. 


SPIT! TALLEY AND KUMAON 

The region between the Central Himalayan Range and the Zanskar 
Range is of great interest as it contains a complete range of formations 
from the Pre-Cambrian to the Cretaceous. The region of the Spiti t'alley 
has been studied hy Griesbach, Hayden, Diencr and Von Krafft. In this 
u'gion, the most ancient rocks are highly folded mica-schists, slates and 
phyllites which constitute the Vaikrita System named hv Griesbach. They 
are considered to be the equivalents of the Dharwars of South India and 
the Darjeeling Gneisses of Sikkim. 

The \'aikritas are succeeded by the Hiumantn System, consisting of 
quartzites, conglomerates, shales and slates. Later work by Hayden 
showed that the Haimantas contain several fossiliferous horizons \\hich 
indicate a Cambrian age. The lower part of the Haimantas, which are 
unfossiliferou.s, may be partly Pre-Cambrian. 
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The \’aikritas extend to the south-east through Nepal into the 
Kanchenjunga massif and further east. They are o\"erlain in northern 
Kumaon by phyllites, calcareous phyllites and quartzites which are tO' 
some extent injected with veins of pegmatites and quartz. This phyllite- 
quartzite sequence has been called the Martoli Series by Heim and Gansser, 
after the village of Martoli on the Gori Ganga below Milam. This unfossili- 
ferous group of rocks represents, according to these authors, flysch-like 
sediments accumulated under geosynclinal conditions. Their thickness is of 
the order of 5,000 metres and thej- are considered to be of Algonkian age. 

SIML.\—G.\RHWAL 

The Sub-Himalayas of the Simla-Garhual area contain rocks similar 
to those of Kashmir, designated the Jutogh and Chail Series. The Jutogh 
Series resembles the Salkhalas and contains slates, carbonaceous slates, 
schists and marbles, while the Chads are mainly quartzites, limestones and 
schistose slates. They are separated from each other by a thrust zone 
and both lie on younger rocks, the Simla Slates, which are little-metamor¬ 
phosed slates bearing a great resemblance to the Dogra and Attock slates. 
At Simla itself the Chads rest on slates of the Blainis. The structures 
are so complex in the Simla region that it is not unlikely that the Jutoghs 
and Chads may be merely parts of the same series. These formations are 
intruded by the Chor Granite, typically exposed in the Chor mountain. 
The granite has produced some metamorphism on the adjacent rocks. 

In the Northern part of the Chakrata area, the Jutoghs are not re¬ 
presented, but the Chads are well developed, containing slates, schistose 
grits, quartzites and limestones. The Chails rest, with the intervention 
of a thrust, on the Deoban limestone or the Mandhali Series which are 
probably of Lower Palaeozoic age. 

The Archaean rocks of Garhwal—schists, granulites, slates, etc.— 
have been traced up to Vishnuprayag, Badrinath and Mana. In some 
areas in Garhwal, these ancient rocks have the same strike as the Aravallis 
of Rajasthan and lie more or less on the continuation of their strike. They 
have some resemblance to the Dalings and the Salkhalas. 

NEPAL—SIKKIM 

The Archaeans are here represented by the Baling and Darjeeling 
Series. The Baling Series is a schistose group; it grades through a transition 
zone into the dominantly gneissic Darjeeling Series. 

The Dalings are typically slates and phyUites in the lower part and 
sericitic and chloritic phylhtes in the upper part. The Dalings of Sikkim 
contain lodes of copper-ore in some places. In the transition zone the 
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phyllites carry porphyroblasts of chlorite and biotite with occasional zones 
containing tiny garnets. These pass into garnet-biotite-schists, granulites 
and schists containing staurolite, kyanite and sillimanite. These schistose 
rocks are interbanded with granite-gneiss. In Northern Sikkim and 
adjacent parts of Nepal, there are also such rock types as marbles, calci- 
phyres, quartzites and pyroxene-granulites amidst the gneisses. 

Since the Dalings practically always underlie the Darjeelings and show 
a ditferent grade of metamorphism, the two were formerly considered to be 
•distinct series separated by a hypothetical thrust zone. J. B. .^uden 
regards the presence of a thrust zone improbable {Rec. G.S.I. LXIX, 
p. 123-167, 1935). The Darjeelings seem to be merely the granite-injected 
and highly metamorphosed upper part of the Dalings. .\uden has also 
suggested that the granitic rocks of Dutatoli and Lansdowne in Garhwal 
may be the same as the granitic constituent of the Darjeelings, and that a 
similar granite has given rise, by disintegration, to the feldspathic sand¬ 
stones of the Middle Siwaliks of the Darjeeling-Nepal foot-hills. 


BHUT.^N AND EASTERN HIMALAYA 

In the Bu.xa Duars of Bhutan, lying to the east of the Darjeeling area, 
a group of rocks containing dolomitic limestones and quartzites was called 
the Buxa Series, and correlated with the Simla Slates. Recent work 
indicates that they contain slates, phyllites, quartzites, mica-schists, talc- 
schists, limestones, dolomites, banded ferruginous rocks and chlorite- 
-quartz-magnetite-schists. They are said to resemble the Dharwarian 
rocks of Chota Nagpur but may contain representatives of the Cuddapahs 
also. The whole series is thrust over Lower Gondwana rocks, parts of 
which undoubtedly are the equivalents of the Barakars with coal seams. 

Argillaceous schists and gneisses are known in the .Aka hills, 
these having been correlated with the Darjeelings by La Touche. Godwin- 
Austen found similar rocks in the Daphla hills. The Abor hills near the 
Sadiya frontier tract contain quartzites, phyllites, slates, mica-schists, 
limestones and dolomites, according to J. C. Brown. The Mishmi hills 
show a large variety of schistose and gneissic rocks including quartzites, 
mica-schists, chlorite-schists, amphibolites, granulites and kyanite and 
garnet-bearing rocks. A. M. N. Ghosh has recorded that these are associated 
with composite gneisses, intrusive granites and pegmatites. The rocks 
therefore correspond to the Dalings and Darjeelings. The Miju hills and 
the Daphabhum similarly show quartzites, limestones, schists, garneti- 
ferous gneisses, etc. 

The Himalayan Archaeans have not been studied in as much detail 
as some of the Peninsular .Archaeans, but a rough indication of the corre- 
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Lition may be given here. The Salkhalas of Kashmir-Ha/.ara, the Jutoghs 
and Chails of the Simla region, the Vaikritas of the Central Himalayas of 
Garhwal and Kumaon, the Dalings and Darjcelings of Xepal-Sikkim, the 
Buxa Series of Bhutan and the gneisses and schists of the Assam Himalaya 
seem to be generally the equivalents of the Dharwarian roc'ks of the Peninsula. 
In addition to the folding, nietamorphism and igneous intrusions suffered 
by the Himalayan rocks in .\rchaean times, they have been subjected to 
the mountain-building movements of Tertiary times, being thereby 
sheared, overthrust and often inverted. They present therefore extremely 
complicated structures which can be unravelled only bv prolonged and 
careful study. 


BURMA 

The western part of Burma consists of comparatively young strata 
ranging in age from Cretaceous to Tertiary. The older rocks—Archaeans, 
Palaeozoic and Mesozoic—occur in the belt which includes the Shan Plateau 
on the north and Tenasserim in the south, to which we shall now direct 
our attention. 


MYITKYINA 

The northern end of this is the Myitkyma region where the occurrence- 
of ortho-gneisses and schists of Archaean age is known. They extend 
northwards into the adjoining parts of China. 


MOGOK stoxp: tract 

The Mogok tract, which lies between the Irrawadd}' and the Shan 
Plateau some distance north of Mandalay, is an e.xceedingly interesting area 
since it contains a variet\' of rock types and yields several gemstones. 
The ciA^stalline complex here, called the Mogok Series, consists of a group 
of gneisses and schists of mixed origin—biotite-gneisses, cordieritc-gneisses, 
garnet-biotite-granulites, garnet-sillimanite-schists, crystalline limestones, 
calciphyres, calc-granulites, quartzites, pryoxene-scapolite-gneisses, etc. 
The gamet-sillimanite-schists resemble the khondalites of the Eastern 
Ghats. There is a gradation from the cr>’stalline limestones to calciphyres 
and calc-granulites, and these are interbanded and occur also as inclusions 
in the later intrusives. They are folded with the gneisses and have a 
general strike of E. 30' N. and very steep dips. The minerals in the cal¬ 
ciphyres and calc-granulites are calcite, dolomite, spinel, diopside, phlo- 
gopite, forsterite, scapolite, sphene and graphite. At their contact with 
acid intrusives are found rocks containing diopside, feldspar, nepheline 
and calcite. The e.xcess alumina in the intrusive and in the calcareous 
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rocks has crystallised out as ruby, sapphire or ordinary corundum. The 
quartzites of this region apparently represent arenaceous bands associated 
with the calcareous sediments. 

The sedimantary and metamorphic series are intruded by syenites 
and granites and by a series of minor intrusions including liasic and ultrabasic 
rocks. The syenites are found mainly as sheets and lenses and have been 
involved in the folding of the region. They consist of dominant orthoclase 
and microperthite with moonstone schiller, some quartz, aegirine, hypers- 
thene or titanaugite. Iron-ore, zircon and apatite are the chief accessories. 
There are also alkali rocks in close association with the limestones , indeed, 
the alkali rocks seem to be absent away from the calcareous rocks. This 
lends support to the view that the alkali rocks and syenites are products 
of desilication of a granite by the limestone, in accordance with Daly’s 
hypothesis of origin of alkali rocks. But, as the syenites are disturbed 
and folded, they may represent an earlier phase of granitic intrusion than 
the Kabaing granite. The Kabaing granite and associated pegmatites 
are unaffected by the folding, the former often containing inclusions of 
limestones and other rocks in its peripheral portions. The Kabaing granite 
■consists of abundant feldspar, quartz, biotite and minor accessories, the 
feldspars being frequentl}’ partly kaolinised. 

Closely associated with the calcareous rocks there are hornblende- 
augite rocks, amphibole-pyroxene-feldspar rocks, hornblende-nepheline and 
aegirine-nepheline rocks and different types of nepheline syenites, which 
occur as dykes and sills. There are also ultrabasic types including peri- 
dotites, picrites, norites and garnet-pyroxene rocks resembling eclogites. 
Amongst these minor groups of intrusives are rocks closely resembling 
intermediate and basic charnockites of India. 

A large variety of gemstones is found in this region, of which the ruby 
is the best known. Ruby mining has been carried on here for many years 
and still continues. The other gemstones are sapphire, colourless corun¬ 
dum, spinel, scapolite, apatite, nepheline, garnet, peridot, lapis-lazuli, 
zircon, topaz, tourmaline, beryl (aquamarine), rock crystal, amethyst and 
moonstone. 

The rock types of this area bear the impress of high grade metamor¬ 
phism and ha\'e a typical .Archaean aspect. -All recent workers agree that 
the ciystalline limestones and associateel schists arc metamorphosed sedi- 
mentaries. .Amongst the gneissic complex of this region there are. of 
course, igneous constituents of different ages. Some of the basic and 
ultrabasic intrusives and the Kabaing granite represent later intrusnes. 

Dr. L..A.N. Iyer [Mem. 82, 1953) who mapped a large part of the area, 
and Sir L. L. Fermor appear to regard all the Mogok rocks as of .Archaean 
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age. But Dr. E. L. G. Clegg has suggested (Mem. 74, Pt. 1, p. 9, 1941), 
that some of the rocks, and especially the limestones, may be of a later age. 
The Mogok limestones are said to be continuous with those further north 
and the limestones in the second defile of the Irrawaddy have been proved 
to be as young as the Cretaceous. 


SHAN STATES 

Between Mogok and the fossiliferous formations of the Nortliern 
Shan States there is an e.xtensive area of the Archaean rocks, well developed 
in the Tawng-Peng State and called the Tau’iig Peng System by La Touche. 
This includes the biotite-schists of Mong Long, the Chaung Magyi Series 
and the Bawdwin \’olcanic Series. Of these only the Mong Long schists 
are probably definitely referable to the Archaean. The biotite-schists 
are intruded by granites containing tourmaline and garnet and traversed 
by veins of quartz. 

The Chaung Magyi Series overlies the Mong Long schists with a 
transitional zone. It consists of slaty shales, phyllites, quartzites, grey- 
wackes and also carbonaceous slates. The series is dominantly argillaceous 
and non-calcareous and is dev'eloped in the hilly parts of the Shan Plateau, 
e.xtending into the Southern Shan States and the Yamethin district on the 
one hand and into Northern Shan States and Yunnan on the other. The- 
Chaung Magjds are intruded by granite bosses and basic dykes, the former 
having produced contact alterations in the argillaceous rocks. 


TEN.\SSERIM 

The Mergui Series.—In the Mergui, Tavoy and Amherst districts- 
of Lower Burma there is de\'eloped a group of rocks called the Mergui 
Series. It includes quartzites, conglomerates, limestones, argillites, grey- 
wackes and agglomerates, the argillites being sometimes carbonaceous, 
and also the most important by volume. The greywackes and agglo¬ 
merates are ne.xt in importance and apparently represent pyroclastics. 
Dark and white, fine-grained to saccharoidal limestones occur sparingly. 
The series is intruded by granite which has produced contact metamor¬ 
phism, with the development of hornstones and schists containing biotite, 
andalusite, sillimanite, garnet, etc. The rocks have a N.N.W.-S.S.E. 
strike parallel to the general trend of the mountains. They are much 
disturbed and folded and are overlain by the Moulmein limestone which 
is regarded as of Permo-Carboniferous age. 

The age of the Mergui Series is in doubt, some taking it to be Pre- 
Cambrian and others Upper Palaeozoic. In support of the latter view 
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is the fact that the Moulmein limestone lies conformably over them in 
some places. 'I'he Mergtii rocks are, howev'er, entirely unfossiliferous. 

Another series of rocks, called the Taungnyo Series, occurs in the same 
region and contains similar rock types. This series is said to o\'erlie the 
Mergui Series, but it is not always po.ssible to distinguish the two and m.ip 
them separatel}-. They may both be of the same age. 

CORRELATIOX OF THE BURMESE ROCKS 

The Chaung Magyis are Pre-Cambrian in age, as thf'y are overlain 
by the Bawd«’in volcanics which intervene between them and the grap- 
tolite-bearing Ordovician strata. In the present state of our knowledge 
it is not possible to say whether they are Dharwarian or Purana or both. 
They are unfossiliferous and have suffered regional and contact 
metamorphisni. 

There is even greater uncertainty about the Merguis. They are also 
unfossiliferous and much disturbed and may be of any age older than the 
Permo-Carboniferous. If they are Palaeozoic in age, we can find their 
parallel amidst the rocks of the Sub-Himalayan region. 

The gneisses and crystalline limestones of the Mogok tract ha\’e a 
typical Archaean aspect. A suggestion has however been made that 
the limestones may belong to the Plateau Limestone age or later but this 
can be pro\'ed only by connecting up this area with the neighbouring tracts 
by continuous mapping. 
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CHAPTER Vr 


MINERAL RICHES OF THE ARCHAEANS 

The Dharwarian schists and some of the igneous intrusives associated 
Avith them constitute the most important mineral-bearing formations of 
India. They contain a large variety of metallic ores, industrial minerals 
and rocks such as the gold lodes in Mysore, Madras, Hyderabad, Bihar 
and Orissa ; the copper ores of Sikkim, Rajasthan, Bihar and Andhra ; 
manganese ores of Madhya Pradesh, Madhya Bharat, Bombay and the 
Eastern Ghats ; the chromite of Bihar, Orissa and Mysore ; the banded 
iron ores of Bihar, Orissa, Madhya Pradesh, Mysore and Madras ; the 
lead-zinc ores of Rajasthan and many non-metallic minerals used as abrasives, 
refractories, ceramic materials, gems, building stones, etc. The occurrences 
of the chief minerals will be described briefly in the following pages. For 
more details the original papers published by the Geological Survey of 
India, including the Quinquennial Reviews of Mineral Production, may be 
•consulted. 


METALLIC ORES 
ANTIMONY 

The antimony sulphide, stibnite, occurs in gneisses near the Shigri 
glacier in Lahaul. The deposit is said to be large enough for regular 
production but the locality is very inaccessible. The stibnite is associated 
with galena and blende and also some gold. 

Several small deposits of stibnite have been recorded in the Southern 
Shan States, in the Amherst district of Burma, in the Jheluni district of 
the Punjab, in the Jabalpur district of Madhya Pradesh and in Mysore 
State. The Burmese deposits, however, belong to post-.\rchaean age. 

ARSENIC 

Minerals of arsenic occur sporadically in the mica belt of Hazaribagh 
and near Darjeeling. The orpiment deposits of Chitral in which good 
veins of orpiment and realgar occur together, are in calcareous shales and 
marbles of Palaeozoic (?) age in close association with a basic intrusive. 
There are si.x individual occurrences of which four are on the same strike. 
They have been worked intermittently during the last four or five decades. 
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CHROMITE 

(Chromite deposits are found in various places in Intlia. Pakistan and 
Burma. They occur in association with some types of ultrabasic rocks— 
dunites, saxonite, Iherzolites, pyroxenites, bronzitites, norites, etc., mainly 
in the root zone of ancient mountains. The chief deposits are those of 
Keonjhar, Cuttack and Dhenkanal in Orissa ; near Chaibasa in Singh- 
bhum ; near Kondapalle in the Krishna district, Andhra , Sittampundi 
and Chalk Hills in Salem ; Shinduvalli and several other places in Southern 
Mysore ; Ratnagiri in Bombay. These are all of .-Vrchacan age. 

Deposits of Cretaceous age are found at Hindubagh near Quetta in 
Pakistan ; in Dras, Bembat and Tashgam in Ladakh : near Hanle in 
the Spiti valley ; in the Manipur hills on the Manipur-Burma border ; 
and in the Araka i Yomas and Minbu district of Burma. Other deposits 
may be found in the Sutlej and Indus valleys in the Great Himalayas and 
along the Burma-Assam border. 

Chromite consists mainly of iron and chromium oxides but may also 
show varying quantities of magnesium, ferric iron and aluminium. Those 
with a high chromium content are useful for making ferrochrome and 
•chromium chemicals while those with high magnesia and alumina are 
useful for refractory purpose. 

COLUMBITE—TANTALITE 

These minerals are found in pegmatites traversing Archaean rocks 
in the Singar area in Gaya, at Pananoa hill of Monghyr, in the Kadavur 
hills of Trichinopoly and occasionally in the pegmatites of Nellore and 
Rajasthan. 


COPPER 

Copper ores are found in several localities—in the Singhbhum and 
Manbhum districts of Bihar, in the Rangpo area of Sikkim, in the Guntur 
and Nellore districts of Andhra, in the Jabalpur district of M.P., in the 
Ghitaldrug district in Mysore and a few places in Garhwal and Almora in 
U.P. and in some places in Nepal. The copper ores of Khetri and Singhana 
in Jaipur, of Daribo and Kho in .\lwar are probably of Delhi age, while 
those of Kurnool (Gani) in Andhra are of Cuddapah age. 

Ores composed of chalcopyrite, pyrrhotite and pentlandite, together 
with a few other minerals, occur as important lodes in the main shear zone 
in the Iron-ore Series of Singhbhum, extending from Seraikela and Kharsa- 
wan to the border of Mayurbhanj. They are thought to be related to the 
sheared soda-granophyre which also occurs in the same z.one. Some lodes 
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occur in the adjacent country rocks such as epidiorite. They are now- 
worked at Mosaboni where the average ore contains about 2-5 per cent, 
copper and a little nickel. The mines have now reached a vertical depth 
of 2,000 feet. The ore is smelted and refined locally, the annual output 
of copper being around 6,000 tons. Most of this is converted into brass 
for which there is a readj^ market in India. 

Copper ores occur at Bhotang, Dikehu and other places as lodes and 
stringers in the Baling schists which are intruded by the Sikkim gneiss. 
The ores contain chalcopyrite, pyrrhotite, galena and blende with small 
quantities of bismuth and antimony sulphides. The average grade is 
rather poor but if all the lodes are developed they may be workable. 

Copper ores are also known to occur in the Dharwarian schists at Agni- 
gundala in the Guntur district and at Garimenapenta in the Nellore district 
of Andhra. The former has not yet been properly investigated while the- 
latter does not appear to hold promise. Some veins are found consisting 
of chalcopyrite, tetrahedrite, galena, pyrite, barite, quartz and calcite 
in the Dharwarian dolomites and schists near Sleemanabad in the Jabalpur 
district. Though they have been traced for 300 feet along the strike, 
they are poor in grade, the mineralized portion being 6 inches to 3 feet 
wide. Other occurrences, some of which have occasionally produced 
small quantities of ore, are -Chota I'depur in Gujarat ; Tamakhunv 
in Manbhum, Bihar ; Dhanpur, Pokhri and Askot in .41mora and Garhwal.. 
All these require to be prospected in detail. 

GOLD 

Kolar Gold Field.- —The Kolar schist belt, in which this gold field 
occurs, is 40 miles long and 3 to 4 miles broad. It is a tightly folded asym¬ 
metric sjnclinal of metamorphosed basic lavas, hornblendic schists, fer¬ 
ruginous quartzites and gneisses with a zone of autoclastic conglomerate 
along the eastern border. The western limb of the synclinal dips more 
steeply than the eastern. There is a subsidiary anticline near the Champion 
lode. Both Champion Gneiss and Peninsular Gneiss occur in the belt, 
while the lavas and hornblende-schists are generally converted into amphi¬ 
bolites and dioritic gneisses where they are in\’aded by granites. The 
Champion Gneiss has conformable relationship with the folded schists but 
the Peninsular Gneiss shows discordant and intrusive relationship. There 
are more than 30 lodes occurring on the flanks of the folds but only a few 
are economically workable. The lodes consist generally of quartz veins, 
either of blue or white (juartz, often associated with pyritic and ferruginous- 
materials. The Champion lode is the best mineralized lode, as well as the 
most extensive!}' worked, the other well knoun ones being the Oriental, 
Me. Taggart’s and Balaghat. The general strike of the formations and of the 
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lodes is N.-S. The lodes dip westwards at about 50 near the surface but 
when followed down gradually become steeper to 80 or nearly vertical 
at a depth of 7,000 to 8,000 feet. They tend to converge together in a 
southerly direction and to favour particular lithological horizons. They 
vary in thickness from a few inches to as much as 20 feet, the average 
being 3 to 4 feet. They sometimes split up into stringers nr bulge to a 
large thickness. The veins often show sharp folds or zig-zags pitching to 
the north. The lodes are productive over a length of about 5 miles, though 
they continue for some miles further to the south, with poorer values. 

,\11 the reefs contain quartz, tourmaline, albite, carbonate, brown 
mica, epidote, graphite and schcelitc. The t'hampion reef is very poor in 
sulphides but the Oriental and Me. Taggart’s lodes contain usually 
about 1 to 2 per cent, but occasionally up to 3 or 5 per cent, these including 
pyrite, subordinate pyrrhotite. chalcopyritc, galena and ansenopyrite. 
Some telluride is found in the Oriental lode. 

The Balaghat North thrust-fault traverses the entire schist belt in a 
N.W'.-S.E. direction ; it has shifted the north-eastern side slightly to the 
east. There are three major fault systems in the held, the oldest trending 
N.N.W.-S.S.E. and the second group X.-S. and the youngest X.E.-S.W. 
Mineralisation is connected mainly with the X.X.W.-S.S.E. faults which 
seem to have been intermittently active, fracturing the quartz veins, and 
rendering them somewhat fissile during mineralisation. The post-minera¬ 
lisation faults have produced some offsetting of the veins. The v'eins are 
U'ually sharply differentiated from the wall rocks. The mineralisation 
is considered to be maiiilv due to a process fissure-filling but metasomatism 
has also taken place. The hydrothermal mineralisation process has been 
accompanied by silicification, formation of epidote from feldspar, titanite 
from ilmenite, chloritisation of femic minerals and bleaching of dark coloured 
ocks, etc. 

The gold is generally not visible in the ore to the naked eye. 1 he ore 
is crushed in stamp mills and washed into tanks containing fibre mats or 
blankets to recov'er the coarse particles. The material is then treated 
with sodium cyanide which is passed through tanks containing zinc shavings 
which help to precipitate the gold. 

The chief mines are Champion. Mysore. Nundydroog, Ooregiim and 
Balaghat, but the last ceased working some years ago. The average grade 
of ore at present worked contains more than 5'5 dwt. (junny weights) per 
ton. The field used to produce between a half and one-third of a million 
ounces per year obtained from crushing about 700,000 tons of ore, but in 
recent years the output has dropped to around 0'2 million ounces. The 
total production from 1882 iipto 1950 was a little over 22 million ounces, 
valued at 131 million pounds sterling. 
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In the extension of the Kolar Field to the south there are three major 
folds and the mineralization is largely confined to the middle fold. 

Wainad. —In the Wainad region of the Nilgiris district, numerous 
gold-bearing quartz lodes were opened up and worked between 1880 and 
1900. Most of them are said to contain an average of less than three 
penny-weights per ton. The lodes ha\'e a N.N.W. strike, almost at right 
angles to the foliation of the country rocks which is N.E.-S.W. The country 
rock is hornblende or biotite gneiss and the gold is associated with pyrite 
and ferruginous matter. 

Hyderabad. —Gold \ eins are worked also in the Hatti Gold Fields 
in the Maski band of Dharwarian schists, in the Raichur district of Hydera¬ 
bad. They were worked between 1903 to 1920 producing a total of 
256,500 oz. of gold valued at £ 1,000,000. The mines have been reopened 
in recent years. 

Other areas. —In the Anantapur district of Andhra, near Ramagiri,. 
some quartz reefs were worked between 1908 and 1924, producing a total 
of 136,700 ounces. Workable lodes are also said to exist in the Gadagband 
of Dharwar schists running through Dharwar and Sangli districts of 
Bombay ; in the Gooty taluk, Anantapur district, about 35 miles north 
of the Ramagiri mines. Other areas where gold-quartz \-eins are known 
are in Jashpur and Dhalbhum in Bihar ; Gangpur, Bamra, Singhbhum, 
Sambalpur, Koraput and other districts in Orissa. But none of these 
has j'et shown the presence of reasonably good workable veins. 


IRON-ORE 

The Dharwarian sediments contain some of the richest and largest 
iron-ore deposits in the world. The ore bodies are associated with and 
derived from banded hematite-quartzites. The original rocks consist of 
alternating thin ribbons of quartz, jasper, and hematite, from which the 
silica has been leached out lea\ing rich ore bodies. At the surface the 
ores are massive, compact and rich, containing 60 to 69 per cent. iron. They 
grade partly into shaly and powdery ores whose composition is variable. 
The largest concentration of deposits is in southern Singhbhum and the 
adjoining Keonjhar and Bonai districts of Orissa, where the rocks form 
isoclinally folded series. Other deposits occur in Bastar, Chanda and Drug 
districts of Madhya Pradesh, in the Ratnagiri district of Bombay, and in 
Mysore, Madras and Andhra. When metamorphosed, these banded 
ferruginous quartzites ha\"e given rise to quartz-magnetite ores such as 
are developed in Southern Mysore, Salem and Guntur. Many of the ore 
bodies occur on top of hill ranges and are of considerable size, containing 
millions of tons. The total resources of Pre-Cambrian iron-ores of com- 
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paratively high grade are probably of the order of 20.000 million tons. 
The magnetite quartzites are of low grade containing usually 35 to 40 per 
cent, iron, but they are amenable to magnetite concentration. The banded 
hematite-quartzites themselves contain 25 to 30 per cent. iron, and as they 
occupy large areas, they should amount to many thousand millions of 
tons. 

There are also some ore bodie: consisting of titanifcrous magnetite 
(with some vanadium or chromium) associated with basic igneous intrusives 
traversing Dharw'arian rocks. .Such ores are found in Eastern Singhbhum. 
Mayurhhanj and Southern Mysore. They may contain a few million tons 
of ore. 


LEAD-ZINC ORES 

Deposits of lead and zinc ores occur m Jaipur and Mewar districts 
of Rajasthan. The deposits at Zawar (24 21' : 73-44') near Udaipur city 
have been found to be extensive and of large size. They occur as replace¬ 
ment veins and fissure fillings occupying fault and fracture zones in dolo¬ 
mites of Aravalli age associated with phyllites and quartzites. The rocks 
in the Mochia Magra hill dip steeply towards the north while the lodes 
which traverse them have a steep southerly dip. In addition to massive 
lodes and veins, there are also fairly rich zones of dissemination in the 
dolomite, which may be workable. The ores consist mainly of a mixture of 
galena and sphalerite (with a little silver sulphide and native silver) the 
proportion of which varies greatly. It would appear that the ore is richer 
in lead in the upper horizons and in zinc in the lower horizons. The average 
grade is 2 to 4 per cent, of the combined metals but richer ores occur which 
can yield 10 to 15 per cent, of the two metals together. There are three 
or four other hills in the neighbourhood which are also similarly minera¬ 
lised. The deposits are expected to contain extensive resources running 
into several million tons of rather low grade. 

There are also several small occurrences of lead-zinc ore \ eins in the 
schistose rocks of Bihar, Orissa and Madhya Pradesh but none of them 
is of economically workable size. 

Lead ore (galena) occurs also as v-eins and disseminations in the Cuddapah 
formations of Cuddapah and Kurnool district.s and .some of these appear 
to have been worked formerly, many decades ago. There are no indications 
of their being workable at present. 

M.\NGANESE-ORE 

Manganese ores are found in India in three types of association, viz., 
in metamorphosed manganiferous sediments, called "ondites. in similar 
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sediments intruded by igneous rocks called kodiintc’s, and as lateritic con¬ 
centrations deri\'ed from Dharwarian schists and phyllites. 

The gondite type of deposits is found in Bombay, (SJinarajpur), 
Central India (Jhabua), Madhya Pradesh (Chhindwara, Xagpur, Bhandara, 
Balaghat), and Orissa (Gangpur). The ores occur as a mixture of braunite, 
psilomelane and some pyrolusite, associated with and often derive.’ frein 
manganese garnet (spessartite) and other manganese silicates like rhodonite, 
blanfordite, winchite, etc. Other ore minerals found in these deposits are 
vredenburgite (a mixture of jacobsite and hausmanite), sitaparite, pyrolu¬ 
site, etc. The manganese was deposited originally in the sediment as 
oxides but these were later metamorphosed, the pure material forming 
oxide and manganate ores and the impure materials giving rise to the 
silicates. Some of the silicates have since undergone alteration to oxide 
when the rocks were exposed at and near the surface. There are two 
important manganese horizons associated with the Lohangi and Mansar 
stages of the Sausar Series, in Madhya Pradesh, the latter being the more 
important and sometimes attaining a thickne.ss of 20 feet or more of solid 
manganese-ore. Those manganese-bearing horizons form part of the 
sequence and are folded with the associated .Archaean rocks. The Balaghat- 
Nagpur belt contains the richest ores and the largest reserves in India, the 
manganese content of the ore e.xcecdin.g 52 ]x-r cent, in some cases. 

The second type of deposits occurs mainly in the Eastern Ghat.s 
associated with garnet-sillimanite-schists (Khondalites) and crystalline 
limestones of .Archaean age, intruded by granite, jrroducing a hybrid rock 
called kodurile, which ordinarily consists of ijuartz, orthoclase, garnet 
(spessartitc-andradite, contracted to spandite), manganese-pyroxene and 
apatite. This type of ore is worked in a few places in the Ganjam, Koraput, 
and Visakhapatnam districts of Orissa and .Andhra. When altered, the 
kodurite giv'es rise to lithomargic clay and wad. The ore bodies are generally 
irregular and occasionally attain large dimensions as at Garbham and 
Kodur. The ores consist of psilomelane with some pyrolusite, braunite 
and mangan-mangetite. They are high in iron and phosphorus and are 
generally of second and third grades. 

The lateritoid deposits are fairly widely distributed in Mysore, handur, 
Southern Bombay, Singhbhum, Keonjhar and Bonai and a few other 
areas. They are due to the concentration near the surface, by meteoric 
w’aters, of the manganese con ained in the Dharwarian schists and 
phyllites. The ores generally form irregular bodies confined to the zone 
of weathering. The minerals found in these ores are psilomelane. pjTolusite, 
wad and limonite. They are high in iron and mostly of rather low grade, 
though occasionally bands consisting of pyrolusite yield wry rich ore, 
which is in demand for making dry-cell batteries. 
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molybdenite: 

I here is occasionally a small production of molybdenite from Tav'oy. 
"I'lie mineral is known to occur in the Palni hills, in the (lodavari district, 
in Chola Nagpur and in Kishengarh, Occasionally it also occurs in association 
u ith graphite deposits. No workable deposit has so far come to light. 


MONAZITE 

This mineral, a phosphate cerium earths, i.s prized mainly for its 
thorium content. It is a constituent of the beach sands of Travancore, 
.Madras, .Vndhra and Orissa but has been worked only in Travancore. 
The sands are derived from the pegmatites and gneisses of the interior. 
The mineral generally contains 7 to 10 per cent, thorium o.xide (ThOj) 
and 0-3 per cent, uranium oxide (UsOj). It was m demand in the earlier 
part of this century as a source of thorium which was used as thorium 
nitrate in the gas mantle industry. But the demand fell off in the twenties 
owing to the rapid (le\elopment of electric lighting. Now again it has 
assumed importance as a jiossible source of atomic energy. The cerium 
and rare earths are also utilised in the manufacture of alloys and chemicals. 

NITKEL AND COBALT 

rile presence of nickel in the copper ores of Bihar has already been 
Tiieiitinned. Cobalt ores icobaltite and danaite) are found as thin veins 
and disseminations in the .Ar.ivalli schists and slates in the Khetri and 
Bahai areas of Rajasthan. The cobalt ores hav'e been used for the manu¬ 
facture of a blue enamel employed in jewellery. Cobalt and nickel sul- 
jihide and siilpharsenide ores arc known to occur and to have been worked 
near Tamgas in Western Nepal but no details are available regarding their 
ge<>lo,gv and re.serves. 


TIN 

.V few small deposits of cassiterite are found as thin wins and dissemi¬ 
nations in granite and pegmatite in the districts of Haz.aribagh, (laya and 
Ranchi in Bihar. None of them seem to be large enough for steady com¬ 
mercial exploitation, though .some prosp.-cting was carried out at various 
times in some of thc.se de]iosits. 

Tin ores occur in the Mergui and Tavoy districts of Lower Burma and 
also along the same granite belt continuing to the north anti south. The 
great majorit\- of the dejwsits are now worked as eluvial graxcls and 
weathered materials over the granite outcrops. The granite is characterised 
1>V the presence of tourmaline, topaz, lepidolite, etc. The tin-bearing 
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mineral is cassiterite which is accompanied by wolfram, molybdenite, 
arsenopyrite, etc. The granite which gave rise to the deposits are, however, 
thought to be of Jurassic age. The cassiterite is concentrated bv dredging 
or by the use of water jets and gravel pumps. 

TITANIUM 

Titaniferous magnetite and ilmenite are of common occurrence in 
many rocks, but workable deposits of ilmenite are few. Ilmenite is found 
as small veins and aggregates in the mica pegmatites of Bihar and as veins 
associated with quartz veins traversing granite gneiss in Kishengarh and 
also in association with the wolfram veins of Degana in Rajasthan. There 
are some fairly important masses of titaniferous and vanadiferous magnetites 
in South-east Singhbhum and the adjoining parts of Mayurbhanj associated 
with gabbros, anorthosites and ultrabasic rocks. They contain upto 
28 per cent, of TiOg and 7 per cent, of V.Os. Similar bodies have also been 
noted to be associated with the basic and ultrabasic rocks of the Nuggihalli 
schist belt of Mysore where they also contain some chromium. 

The most important sources of titanium in India are the beach sands 
of Travancore, Ratnagiri in Bombay, the southern districts of Madras 
and of the \'ishakapatnam and Orissa coast. I'he ilmenite is derived from 
the garnetiferous gneisses and charnockites of these regions. The beach 
sands of Travancore are often quite rich and are credited to hold rescr\-es 
of the order of 250 to 300 miUion tons. They are associated with monazite, 
zircon, garnet, rutile, sillimanite and other resistant minerals. .Some of 
the Travancore ilmenite deposits contain over 62 per cent, of titanium 
dioxide ; while the others contain between 50 and 55 per cent. The 
beach deposits have been formed by the concentration, by sea waves, of 
the products of denudation of the country rocks brought to the coast by 
the numerous streams and rivers draining the area. 

TUNGSTEN 

Tungsten ores generally occur associated with tin, the host rocks 
being either the granites or the country rocks immediately in contact 
with them. Small deposits are known in India in the Bankura and Singh¬ 
bhum districts in Bengal and Bihar, in the Nagpur district of Madhya 
Pradesh, and at Degana in Rajasthan, the last being of some importance. 
Here the wolfram occurs in quartz veins traversing Archaean granite and 
phyllite and in the weathered detrital material derived from them. The 
wolfram in the granite is associated with muscovite, fluorite and some 
P 5 rrite and chalcopyrite, and forms veins and stockworks. The deposits 
have been worked intermittently and are likely to contain a few thousand 
tons of the mineral. 
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Important deposits occur in the granite and pegmatite of the Shan- 
Tenassefim belt of Burma where numerous mines hav-e been, and are 
being, worked. In some cases scheelite and cassiterite accompany the 
w'olfram, as also subordinate amounts of arsenopyrite, molybdenite and 
bismuthinite. 


URANIUM 

Pitchblende and uranium-ochre have been recorded as occurring in 
the pegmatites of Gaya though no workable deposits have yet been dis¬ 
covered. Sporadic disseminations of uraninite, torbernite and uranium- 
ochre have been recorded in the rocks of the shear zone in the copper belt 
of Singhbhum. Other uranium-bearing minerals like allanite, columbite- 
tantalite, samarskite, triplite, etc. are occasionally found in pegmatites 
in various parts of India, particularly those which have been worked in 
for mica in Bihar, Rajasthan, Andhra and Madras. Workable deposits of 
uranium-bearing minerals are however more likely to be found in minera¬ 
lized areas than in pegmatites. 


VANADIUM 

Vanadiferous titaniferous magnetite ore bodies occur associated with 
ultrabasic intrusives of South-east Singhbhum and Mayurbhanj. The 
deposits in Mayurbhanj are said to be of large size but have not yet been 
investigated in detail. The vanadium pento.xide content in the magnetite 
varies from 1 to 7 per cent, the average being around 1-5 to 2 per cent. 

NON-METALLIC MINERALS 
APATITE 

The only important deposits of apatite known in India are the apatite- 
magnetite rock occurring in the shear-zone of Singhbhum and Mayurbhanj, 
The mineral has been worked intermittently. The rock has to be crushed 
fairly fine in order to separate the apatite from the magnetite. Apatite is also 
a constituent of the kodurite rocks of the Eastern Ghats and to some extent 
of the pegmatites in various parts of India, but the separation and con¬ 
centration of the mineral from the associated rock would be rather difficult, 
because of the very small propwrtion of it in the rock. 

ASBESTOS 

Amphibole asbestos occurs in Archaean rocks in various parts of 
India—in the Hassan and Bangalore districts of Mysore State, in the Salem 
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district of Madras, in the Seraikela area of Bihar, and in Iclar and A)mer- 
Merwara in Rajasthan. The material is usually associated with basic 
and ultrabasic rocks. The fibres are of poor strength and not useful for 
making asbestos-cloth, though they may be suitable for other ]nir(X)ses. 

BERYL 

Beryl deposits of some size ha\-e been worked in .Meuar. Jodhpur 
and Ajmer in Rajasthan. Small quantities of beryl occur in the pegmatites 
of Rajasthan, Bihar and Andhra and other areas and in some years an 
output of 1,200 to 1,500 tons has been attained. The bervl crystals are 
mostly 1 to 6 inches long but, occasional!}', huge crystals sei eral feet long 
are found. The beryllium o.xide content of the beryl \ aries between 9 and 
12 per cent. Because of its sporadic occurrence in pegmatites, the mining 
of beryl for itself is generally uneconomical. .Most of the output is therefore 
in conjunction with the mining of mica. 


BUILDING AND ORNAMENTAL .STONES 

The Archaean gneisses, granites, charnockites, slates, quartzites and 
crystalline limestones provide an ine.\haustible storehouse of e.Ncellent 
stones for building and decoration. Gneisses and granites are widespread 
throughout the Archaean terrain. The banded gneisses and Bundelkhand 
Granite of Rajasthan, the Yarious gneissic rocks and granites of Madh\ a 
Pradesh, Bihar, Hyderabad, Andhra. Mysore and Madras ha\ e pro\ ided 
e.xcellent stones for temples, forts, palaces, bridges and other large structures 
as well as for local buildings. The ruins of the city of Hampi, which wa.s 
the capital of 5’ijayanagar kingdom, a few miles from Hospet, contains 
many old structures built of the e.xcellent grey and pink gnei.sses found 
in the neighbourhood. The charnockites of Madras, Mysore and Andhra 
are amongst the strongest and most durable stones found anywhere in the 
world. These and the granites of South India hav'e been tested and found 
superior to some of the famous granites of the British Isles and have been 
used in harbour construction in Bombay and Madras. The temples and 
the architectural monuments of Mahabalipuram near Madras ha\’e been 
hewn out of solid charnockite. In many places in Madras and Hj’derabad 
the granites are capable of yielding beams, pillars and slabs, the last 25 to 
30 ft. long and 15 to 30 ft. wide. Such material has been e.xtensively used 
for pillars, beams and flooring and roofing slabs in many great buildings, 
particularly temples and palaces in the south. Pink, uhite and light gre\’ 
granites and finely banded gneisses of Archaean age in Rajasthan are 
e.xtensively quarried in Jodhpur, Mewar, Idar, Ajmer and other areas for 
local use. The granites and gneisses of other parts of India such as Ranchi, 
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Hazaribagh, Gaya and othc-r districts of Bihar ; of Sambalpur and neigh¬ 
bouring regions of Orissa ; of Balaghat, Bhandara and Chhindwara in 
Madhya Pradesh—these have all been used in important local buildings 
from time immemorial. 

Ihe khondalites of the liastern Ghats are not particularly durable 
stones as they weather into a sandy rock and give rise to red and brown 
streaks and patches in a buff ground-mass. Yet they havt- been used e.\- 
tensively in many buildings and temples in Andhra and Orissa, for instance 
in the Puri and Konarak temples. Most of the finest statues in the Konarak 
and Bhuvaneshwar temples have been carv'ed out of the khondalites but 
many of them have weathered rather badly and show unsightly spots and 
streaks and have developed irregular surface's. 

Talc and talc-chlorite schists are mainly used for carving doorposts, 
windows and statues etc., as they are suitable for di-licate carving and 
stand weathering e.xccedingly well. The statues of the Sun God in the 
Konarak temple (13th century .V.D.) have been made of such rocks and 
they have preserved the e.xcjuisite delicacy and beauty of the original 
finish remarkably well even after seven centuries of neglect since they were 
made. 

The crystalline limestones and marbles of Rajasthan have been e.x- 
tensively used in that region as building and ornamental stones. The 
Kaialo marbles are worked at Raialo and other places in .\twar and Jaipur ; 
at Rajnagar, Xathdevara and Kankroh in Mewar , and Makrana in Jodhpur. 
The usual type of .Makrana marble is white with vague cloudy streaks and 
patches of grey, but white marbles are also available. The quarries m 
Mewar yield also pink, salmon and grey coloured marbles. White sachcha- 
roidal Raialo marble is worked in Jhiri, Kho and Baldeogarh in Alwar. 
The Kharwa stone is of beautiful pink and green colours. The Makrana 
marble has been used in the Taj Mahal at Agra and some of the famous 
mosques in Agra, and Delhi, in the Victoria Memorial at Calcutta and in 
manv buildings in Rajasthan, U.P. and Punjab. Several fine marbles 
of .\rchaean age are worked in Madhya Pradesh. Amongst these may be 
mentioned the marble rocks of Jabalpur, the white marbles of Betul, 
and the various coloured marbles of Narsinghpur, Chhindwara and Nagpur 
districts. The Motipura marble in Baroda is a green serpentinous marble 
mottled with rose and pink which has been used for architectural purposes 
in Baroda and the neighbouring areas in Gujarat. hard limestone of 
varying colours occurs at Sandara in Baroda, while dolomitic and ser¬ 
pentinous marbles are found in Dharwar and Idar districts. Excellent 
stones of various colours are also found in Visakhapatnam. Coimbatore 
and Madura in Madras, in Chitaldrug and Mysore in Mysore and in Koraput 
and Gangpur in Orissa. 
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The Aravallis contain good limestones and flagstones. The limestone 
worked at Umrar in Bundi is grey, massive, flaggy and capable of taking 
a good polish and also of being carved for architectural purposes. Good 
flagstones are quarried at Raghunathgarh in Jaipur and at Datunda in 
Bundi, for use as paving and building stones. \\'ell clear-ed but not ^■ery 
fine slaty rocks are worked in Ajmer and used for roofing and pa\ ing 
purposes. Well clea\-ed Aravalli slates are worked in Ajmer. 

CLAYS 

As the Archaean and Pre-Cambrian rocks are generally strongl}' meta¬ 
morphosed and they do not jdeld clays except where the\' are highly weathered 
in outcrops. Some feldspathic gneisses and granites in Mysore, Travancore, 
Malabar, Kanara and South Arcot in the south, and similar rocks in Singh- 
bhum and Manbhum in Bihar and some parts of Orissa have gi\ en rise 
to good china clay. The gneisses of Salem, Malabar and Tra\ancore- 
Cochin and the khondalites of the Eastern Ghats have given rise to bauxitic 
clays. 


CORUNDUM 

This mineral occurs as a constituent of ultrabasic rocks, syenites and 
highly metamorphosed aluminous sediments, ft is found in the anorthite- 
gneiss of Sithampundi in the Salem district ; in the gabbroid and asso¬ 
ciated ultrabasics of southern Mysore ; in the corundum-syenites of the 
northern part of Salem ; in the South Kanara district in Madras : in 
.\nantapur in Andhra and neighbouring districts of Mysore and in an 
area in Hyderabad adjoining the Godavari gorge. Corundum is a con¬ 
stituent also of the sillimanite-schists in the Khasi hills, and of similar 
rocks in the Pipra area of Rewa and in the Bhandara district of Madhya 
Pradesh. 


FELDSPAR 

The mica pegmatites in various parts of India contain large cjuantities 
of potash and soda feldspar, much of it being oligoclase with perthitic 
structure and microcline. Orthoclase occurs as a constituent of non- 
mica-bearing pegmatites and as veins in granite and gneisses. The bluish 
green variety of microcline called amazonite is found in a few of the mica 
mines of Nellore and Bihar. Potash-soda feldspar is worked generally 
in conjunction with mica in several States for meeting the demand from the 
ceramic industries. 

Highly sodic feldspar and nepheline are found in the nepheline (ami 
sodatite) syenites and associated pegmatites in the Coimbatore district 
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of Madras, in the Eastern Ghats of Koraput and Visakhapatnam and in 
Kishengarh and Jaipur in Rajasthan. They may become useful for the 
ceramic industries in future. 


GEMSTONES 

A large number of precious and semi-precious stones are found in 
the Archaean rocks : moonstone, zircon, topaz, garnet and other gemstones 
from Ceylon ; ' ruby and sapphire, spinel, garnet, scapolite, lapis lazuli, 
olivine, tourmaline, zircon, topaz and moonstone from the Mogok Stone 
Tract in Burma ; sapphire from the Ladakh region of Kashmir : acjuama- 
rine from Kishengarh in Rajasthan, Kashmir and Madras ; chrvsoberyl 
from Coimbatore in Madras and Kishengarh in Rajasthan ; garnet from 
Kishengarh, Jaipur and Mewar in Rajasthan, Nellore in .4ndhra, Tinnevelly 
and South Kanara in Madras, and several other places in other parts of India ; 
tourmaline from the Shan States, Nepal and Kashmir ; rock crystals from 
various parts of India, Emeralds arc found in biotite and amphibole-schists 
associated with ultrabasic rocks and intruded by pegmatite, at Kaliguman 
and a few other places in Mewar and Ajmer. 

GRAPHITE 

Workable deposits of graphite occur in the khondalite and associated 
gneisses of Kalahandi, Bolangir, Ganjam and Koraput in Orissa, and in the 
Visakhapatnam and Godavari districts of Andhra. Some deposits are also 
known in Travancore, in the Tinnevelly district of Madras and in the Waran- 
gal district of Hyderabad State. In some cases good pockets occur in peg¬ 
matites. Graphitic schists are known to form part of the Archaean succes¬ 
sion in several areas in India but they are too poor in graphite content and 
too finely and intimately mixed with the other constituents to be workable 
as sources of graphite. Some have been used as cheap paint materials. 

KYANITE .AND SILLIMANITE 

Though sillimanite is widely distributed as a constituent of certain 
Archaean schists and gneisses, workable deposits occur only in the Khasi 
hills of Assam, in the Pipra area in Rewa, and in the Bhandara district 
of Madhya Pradesh. The sillimanite content of the Khondalite is generally 
not rich enough for being economically exploitable. The Kha,si hills 
deposits are in the form of massive sillimanite bodies associated with 
gneisses of the Shillong Series. The sillimanite does not change much in 
volume after firing at 1500’—1600'C., when it is changed to mullite and gi\ es 
■excellent service when employed as linings to tanks used for glass making. 
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Kyanito is rather more widespread than sillimanite and is found in 
gneisses as well as in association with veins containing quartz. The best 
known occurrences are those of Lapsa Burn and a few other places in mica- 
schists and hornblende-schists close to the shear zone of Singhhhum. The 
Lapsa Bum deposits ha\ e produced 20.000 to 30.000 tons per r ear n\ er a 
period of j'ears. Other deposits occur in Madhya Pradesh. Rajasthan, 
Andhra and Mr’sore and are being rrorked. In contrast with sillimanite, 
kyanite shows much shrinkage when calcined. It is. therefore, crashed, 
calcined to change it to inullite. bonded with tireclay, Iraii.xite or other 
suitable material, and made into refractory materials. 


-MAGNESITE 


The ultrabasic rocks in the Salem district of Madras and the Hassan 
and Mysore districts of Mysore have, in some places, been altered to 
magnesite. The magnesite has probably been derived from the action 
of magmatic waters containing carbon-dio.xide on the magnesia-rich ul¬ 
trabasics. The best knoun occurrences are those of the Chalk hills near 
Salem and of Kadakoia in Mysore which are under active e.xploitation. 
The reserves of these deposits are probably of the order of 80 to 100 million 
tons. 


-MfCA 

Both musco\'ite and phlogopite occur in commercially workable 
deposits in India but the muscovite deposits are by far the most important. 
Indeed India is one of the chief sources of block mica ami splittings in the 
world. 

The chief muscosite occurrences are those of the mica belt of Bihar, 
Rajasthan and Andhra but there are a number of other occurrences in 
different districts containing Archaean gneiss. The Bihar mica belt 
traverses the districts of Hazaribagh, Gaja and Monghyr, being about 
60 miles long and 12 miles wide. The pegmatites are probably related to the 
Chota Nagpur granite gneiss. I’hey traverse the planes of schistosity 
and joints of the mica-schists of the region and are found to be productive 
only when they are in the mica-schists and not in the hornblende-schists 
or granite. The explanation seems to be that the residual liquids from 
granites, which ultimately crystallised to form the pegmatites, absorbed 
some of the mica-schists and produced the coarse mica crystals. The 
larger pegmatites are up to 2,000 feet long. They ha\-e a quartz core, 
the mica sheets being found along one or both of their contacts with the 
country rocks. The feldspars in the productive pegmatites are oligoclase 
and microcline, but when orthoclase occurs there is practically no commercial 
mica. The mica is generally of the quality known to the trade as ‘ ruby 
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mica ’ as it has a coppery red colour in thick sheets. The other minerals 
found in the pegmatites are garnet, tourmaline, beryl, columbite, tantalite, 
allanite, triplite, etc. 

In Rajasthan, mica-pegmatites occur in Jaipur, Ajmer-Merwara 
and Mewar, the Bhilwara region of Mewar being the richest. The mica 
is generally colourless, but light ruby and light green varieties are also 
-obtained. In some cases the pegmatites have produced large quantities 
■of beryl. 

In the Nellore district of Andhra a large number of pegmatites occur 
in a belt some 40 miles long and 8 miles wide. The muscovite is generally 
of a light greenish colour, though the light ruby variety is also obtained 
from a few mines. Similar but comparatively small occurrences of mica 
are found in many districts in Madras, Mysore, Andhra, Orissa, Bihar, 
Madhya Pradesh and Rajasthan. 

The only occurrences of phlogopite in India are those of Travancore 
where there are small deposits near Neyyoor in South Travancore, and 
near Punalur in the Western Ghats in east-central Travancore, The mica 
•occurs in association with basic pegmatites traversing pyro.xenic rocks. 
Gompared to muscovite, the phlogopite sheets are small in size and generally 
of a deep amber colour. 

There are also a few occurrences of a semi-phlogopite mica (which 
has been named Mahadevite) in Travancore, in the Tinnevelly district 
•of Madras and in the Ti^akhapatnam-Ganjam hill tracts. The mica is of 
a pale yellow colour. 


STEATITE 

Steatite and talc-schists are widely distributed amidst Archaean 
rocks. Deposits are found in the Jabalpur district of Madhya Pradesh, 
in the Jaipur State of Rajasthan, in the Singhbhum district of Bihar, m the 
Idar district of Bombay, in the Bellary dist. of Mysore, in the Nellore 
district of Andhra, in the Salem district of Madras, and several other 
places. A few are of high quality and are used in the manufacture of 
insulators and in the cosmetic iinlustry, while the impure tatc-srhisis .in’ 
used in making stone utensils, for carved work, etc. 


MINERAL RESOUR* T> 


Sotc. _ This IS a general list of papers 'jn mineral depusits irrespective oi tli -ir 

geological age. 
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CHAPTER VTI 


THE CUDDAPAH (KADAPA) SYSTEM 

Introduction 

As already remarked, the close of the Dhar\\ar era was marked by 
an intense play of erogenic forces \\hich folded the older rocks and bv 
intrusions of granitic rocks on a large scale. This \\ as follov^ cd by a ])ro- 
longed period of denudation which is uni\'ersally marked by a profound 
unconformity or discordance known as the Eparchuean unconformity. Though 
there have been later disturbances in the Peninsula which affected the 
•Cuddapah rocks, they were comparatively mild except in Rajasthan where 
the Delhi System of rocks occurring in the .Ara\alli mountains were sub¬ 
jected to intense folding and metamorphism. 

The Archaean era was followed by the Purana era during which the 
Tuddapah and Mndhya Systems (which correspond roughly with the 
Algonkian and part of the Cambrian) were deposited in various parts of 
the Peninsula. Of these two, the Cuddapah System has been subjected 
to more intense folding mox'ements than the other, but the Peninsula had 
already attained a great deal of stability so that the Purana rocks as a 
whole were affected only along restricted belts. Both these systems are 
practically unfossiliferous though they comprise considerable thicknesses 
of rocks eminently suitable for preservation of fossils. 

The rocks of the Cuddapah by.stem are found to rest on the denuded 
and upturned edges of the earlier formations, namely the gneisses and 
Dharwars. The two major groups of outcrojis of this svstem, one in the 
Andhra .State and the other in Orissa and JIadhya Pradesh, have roughly 
semi-circular or crescentic outlines, (though the latter group consists mainlv 
of isolated patches) the concave side in both cases being towards the east 
and showing much disturbance in the shape of folding, crushing and over¬ 
turning of the outcrops. The concave margin.c are, at least in part, faulted 
against the gneisses to their east. In both cases, the rocks away from the 
conca\ (‘ margin are little disturbed and show nearly horizontal or gently 
undulating dips. The Cuddapah basin of Andhra forms a compact area 
w hereas the basin in Orissa and Madhya Pradesh forms a series of outcrops 
separated by more ancient rocks becaii.se they have been isolated and 
broken up into patches by the denudation and remo\al. Rocks roughly 
eijuivalent to the Cuddapahs form the Delhi System in Rajasthan where 
they occur mainly along the Aravalli mountain axis, forming a great 
svnclinorium. 
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The rocks of this age contain limestones, dolomites and thin-bedded 
shales which are eminently suited for the prcser\-ation of fossils, as in most 
of the areas they har-e scarce!}’ been disturbed or subjected to any hut the 
slightest metamorphism. But all that has been found so far are merely 
a few markings on weathered surfaces which ha\-e a \’agiie resemblance 
to Algal structures (M. R. Sreeniva.sa Rao, Current Sci. XII, 207. 19431. 


THE CUDDAPAH BASIX, .VNDHRA 

The Cuddapah System was studied by \\’. King in Cuddapah, Kurnool 
and adjoining districts of the present .\ndhra State {Mem. \'11I, 1872). 
This large basin occupies an area of 13,500 sq. miles, it has a crescentic 
shape, its concave side facing the east and being about 210 niile.s long 
between the Singareni coalfield of Hyderabad in the north and the .\agari 
hills not far from Madras in the .south. The niaxinuim viiilth of the basin is 
a little over 90 miles. The greater pait of thi' crescent is oeeiqiied I)\’ the 
rocks of the Cuddapah System but the north-we.stem ami northern parts, 
which are generall\’ low lying, are ox’orlain b\- the rocks of the Kurnool 
System. The northern tract in the Krishna and Guntur districts and the 
adjoining part of Hyderabad is known as Palnad. The eastern margin 
of the basin shows steep folding and its northern half is said to show a everser 
fault and inversion of beds. The eastern half of the crescent shows evi¬ 
dences of some folding and slight metamorphism which have crushed the 
quartzites and imparted slaty cleavage to the argillaceous strata : but in 
the western half the rocks lie horizontally on the gneisses of the western 
margin. The disturbance along the eastern margin may perhaps be due 
to the rejuvenation of the Eastern Ghats in post-Cuddapah but ])re-Gond- 
wana times. 


The stratigraphical succession in the Cuddapah System worked out 
bv King is shown in Table 18. 

Table 18—The Ceddapah Sv.stem 


Kurnool Syj,ieni 

Kistna Senes 
(2,000 feet) 


Nallamalai Series 
(3,400 feet) 

Cheyair (Chevveru) Senes 
(10,500 feet) 


Papaghni Senes 
(4.500 feet) 


Various Sediment.iry Kock-^ 

f Srisailam Quartzites 

t KoIamnala Shales 
Irlakonda Quartzites 

Cnconformity 

f Cuinbum Shales 
\ Bairenkonda Quartzites 
I'nconformity 

{ Tadpatn (Pullampct) Shales 
Pulivendia (Xagari) Quartzites 

Unconformity’ 

{ Vempalle Shales and Limestones 
Gulcheru Quartzites 

Archaean—Gneisses and schists 
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Each of the major divisions or series of the Cuddapah System is marked 
by an unconformity but the largest is said to he that which occurs at the 
base of the Nallamalai Series. Each series oterlaps the previous ones 
while the topmost or Kistna Series overlaps all of them on to the gneiss. 
The actual extent of the different series is not the same, probably because 
the shape and depth of the basin varied from time to time. The sediments 
seem to have been derived mainly from the west and south-west Irut there 
are not enough data to say whether it was so throughout the whole of the 
Cuddapah era. It is also to be noticed that each series begins with a 
quartzite and is later followed by slates and limestones indicating that 
at the beginning of each series the basin of deposition became shallow and 
gradually became deeper. 

Papaghni Series. —The lowest senes is named after the Papaghni 
river, a tributary of the Fenner. It is found only in the west. It con¬ 
sists of two stages, the lower one being Gulchcrn (Gu\walacheru\-u) Stage 
-consisting of conglomerates, grits and sandstones, resting unconformably 
on the .-Archaean basement. These sandstones present a fine scarp on the 
■southern margin of the basin, south of Cuddapah. The sandstones are 
generally quartzitic and contain pebbles of jasper and of vein quartz derived 
from the Dharwarians. The sandstones become finer as thev are followed 
from west to east. 

The upper stage of this series is called the Vempalle aimpalli) Stage. 
It consists mainly of fine grained flaggy micaceous limestone with bands 
and nests of chert and chalcedony, with subordinate .shales. The lime¬ 
stones are grey coloured, weathering to buff. The weathered surfaces 
occasionally show what may be interpreted as algal structures. They 
show intrusive trap sills in the upper portion, along the contacts of which 
chrysotile asbestos has been developed in some places. The trap is also 
considered to be responsible for the deposition of barjdes which occurs 
mainly in the limestone and sometimes near the contact of the trap. Thev 
are considered to have been intruded during the Nallamalai times or probably 
even somewhat later. 

Cheyair Series. —^This series, named after the Cheyveru river, is well 
de\ eloped in two areas, the north-western one in the Fenner valley and the 
south-eastern in the Cheyveru valley. In the north-western area the 
lower division is the Puhvendla .Stage consisting of (juartzites, conglomerates, 
sandstones and flags, the lower beds often showing ripple marks. The 
pebbles and conglomerates are to some e.xtent derived from the chert bands 
of the ^'empalles. Their equivalents in the southern area are the Nagari 
Quartzites which rest directly on the gneisses and form the hills of Nagari, 
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Kalahasti and Tirupati. At Kalahasti, on tlio eastern margin, the quart¬ 
zites are much crushed and apparently faulted. 


MAP VI 



Krishna vallevs. The shales .are soft and not well cleaved ami ha\e a 
tendency to break into long thin fragments. Their equivalents in the 
southern area are the Pullampet Shales which also contain some limestone 
bands. 
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Nallamalai Series. —These occup}' the largest area of any of the 
sub-divisions of the Cuddapahs and take their name from the Nallamalai 
hills. They are particularly well developed in the eastern part of the 
Cuddapah basin. The lower beds are the Bairt'ukonda Quartzites which 
rest with a slight unconformity on Chev'airs. They are highly folded and 
contorted in the Nallamalai hills, the succeeding Ciimhum Shales forming 
the cores of synclinal folds. The Cuinbum Shales comprise shales and 
slates of ^■ar^■ing shades of colour and degrees of hardness, intercalated 
with thin bands of quartzite and limestone. Quite well cleaved slates of 
this formation are uorked near Markapur and Cuinbum in the Kurnool 
district. The quartzite bands are thin-bedded and fine grained and 
are suitable for use as sharpening stones. At places the slates have been 
converted into phylhtes, while there are also softer varieties which are 
more shah’ though cleai'ed. The limestone bands arc grey, fineh cr 3 'stalline 
and sometimes micaceous. The lead ores of Nandialampet north of Cudda¬ 
pah are found in these limestones. 

Kistna (Krishna) Series. —These lie unconformablj’ on the Nalla- 
malais and are e.xposed on the plateau overlooking the Krishna river towards 
thd north. The}’ lie over the gneisses or dip under the Kurnools of the 
Palnad tract. The lower beds, called Irlakonda Quartzites, form a plateau. 
The Kolamnala Shales which form the middle division are found in the 
valley of the stream of that name. The topmost stage is the Srisailam 
Quartzites fonning the plateau on the north and named after the well known 
Srisailam temple on the Krishna river. 

IGNEOL'b ROCKS IN THE CUDDAPAHS 

The \'empalle limestone belt has been intnided by sills of basic igneous 
rocks in man}’ places, the sills l arying in thickness from a few feet to a few 
hundred feet. They are generally doleritic and basaltic in composition, 
occasionally showing chilled margins. The sills may sometimes 
split and again coalesce but in general they maintain their thickness and 
horizon for long distances. Some of the sills are of the nature of quartz- 
dolerite as they contain a fair amount of silica or granophyric inclusions. 
There are also a few olivine-bearing types. The chief minerals are plagio- 
clase and aiigite showing ophitic, intergranular and intersertal textures. 
Biotite, hornblende, magnetite, apatite and p}’rite as well as occasionally 
a little micro-pegmatite are present. The rocks are similar to the Newer 
Dolerites of Singhbhum and Keonjhar and differ from the Deccan Traps 
in containing no pigeonite. They appear to belong to the tholeiite type 
and show a differentiation trend similar to that of the calc-alkaline suite 
of rocks (\'emban, 1946). 
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KALADGl SERIES 


Between Kaladgi and Belgauni in southern Bombay are exposed d 
group of formations bearing resemblance to the Cuddapahs. They show 
little or no metamorphism. They are divisible into a lower and upper 
series. The Lower Kaladgis lie with a profound unconformity on the 
gneisses. The Kaladgi basin is over 160 miles long from east to west and 
in many jrlaces is co\-ered by the Deccan Trap, amidst which several 
inliers appear. The Lower Kaladgis comprise basal conglomerates and 
quartzites with banded jasper pebbles, cherty siliceous limestones, shales 
and more limestones. The cherty limestones bear much resemblance 
to the \’empalle Stage of the Cuddapahs. The lower (juartzites arc well 
exposed at Gokak, over which the Gokak falls drop to a depth of 180 feet. 
The Malprabha ri\-er has cut a gorge through these rocks, 300 feet deep and 
only 50 yards broad at the narrowest part. The limestones are well seen 
near Kaladgi, being of different colours and capable of yielding fine orna¬ 
mental stones. The Lower Kaladgis have a total thickness of nearly 
11,000 feet. 


Cpper 


{ 


6. Shales, limestones, hematite-schists 
5. conglomerates 


Feet 

2,000 

1.200—1,800. 


r 4 . Limestones, clays and shales 
1 3. Sandstones and shales 
I 2. Siliceous limestones, hornstones 
[_l. Quartzites, sandstones, conglomerates 


5,000—6,000 

'1 

3,000—5,000 

J 


The Upper Kaladgis, consisting of quartzites, conglomerates, shales, 
limestones and hematite-schists, are about 3,500 feet thick, the hematite- 
schists being sometimes rich enough to be used as iron-ore. The Upper 
Kaladgis are of restricted distribution, being found in synclinal folds in 
the north-eastern part of the area, the axis of folding having a trend of 
W.N.W.—E.S.E. This direction is at right angles to the axis of folding 
of the Cuddapah basin. 

The Kaladgis are known to be intruded by granitic and basic rocks 
in A few places. Dr. L..3.N. Iyer found that the granites have altered 
the Kaladgis to typical biotite and garnet-bearing grannlites and mica- 
.schists in the contact zone in the Ratnagiri district. This region also 
contains dolerite, gabbro, picrite and serpentine-chromite rock as intrusions, 
mainly in the rocks of .Archaean age. 


THE PAKHAL SERIES 

A large tract of rocks, presumably of Cuddapah age, extends up the 
•Godavari valley in Hyderabad in a N.W.-S.E. direction. This is divided 
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into two by a band of younger rocks (Sullavais) lying in their middle with 
the same strike. The rocks are crushed and altered at their south-eastern 
end in the Singareni area, and are folded rather sharply around the north¬ 
eastern margins of each of the outcrops. The south-western outcrop 
which forms the Pakhal hills shows the beds dipping towards the north¬ 
east. The rocks are divided into two stages, the lower being the Pakhal 
Stage and the upper the Alhaka Stage. The first occupies the greater 
part of the south-western outcrop while the second forms the north-eastern 
outcrop. Each of the stages is about 5,000 feet thick. The Pakhal Stage 
comprises basal conglomerate resting on the gneisses, overlain by siliceous 
limestones and thick slates. The slates are not well cleaved but are flaggy, 
except in the north-east. The limestones have been metamorphosed tO' 
a tremolitic marble. The Albaka Stage comprises sandstones and quart¬ 
zites with a few slate bands. 

The Pakhal Series'were regarded by King [Mem. XVIII, p. 209, 1880), 
as the equivalents of the Cuddapahs. According to Dr. C. Mahadevan 
(1949) the crystalline limestones, banded ferruginous rocks and the 
schistose rocks of this series recall the Archaean succession in Singhbhum 
and Gangpur. The rocks have been intruded into by granites which have 
formed composite gneisses as well as hybrid types. The phyllites have 
been converted into andalusite-mica schists and garnet-kyanite-staurolite 
mica-schists. Copper mineralisation is found in the Singareni area, as 
indicated by old workings. Pegmatites and quartz veins traverse the 
Pakhals. All these go to prove their Dharwarian age, in the opinion of 
Dr. Mahadevan. 


PENGANGA BEDS 

Rocks similar to the Pakhals, comprising a lower limestone group 
and upper shaly group, occur in the Pranhita valley to the west of the 
Wardha valley coalfield. The rocks are undisturbed and the limestones 
are said to contain bands of ribbon-jasper. These rocks generally lie 
directly over the gneisses but in Adilabad district of Hyderabad they are- 
said to show basal quartzites. 

CUDDAPAHS OF ORISSA 

Some areas of Cuddapah rocks occur in Jeypore and Bastar which 
must originally have extended as one large area probably continuous with 
the occurrence in the Chhatisgarh area of Madhya Pradesh. 

The rocks in Jeypore and Bastar strike approximately east to west 
and include conglomerates, quartzites, hematite-quartzites^ calcareous 
homstones, slates and hmestones. The pebbles in the conglomerates 
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Jiave a matrix of micaceous schist and it is likely that the conglomerates 
have been sheared to some extent. The limestones which occur in the 
upper horizon include materials of lithographic quality while other bands 
are argillaceous in nature. The caves of Gupteswar are found in such 
argillaceous limestones. 

The outcrops in Bastar occur to the west of Jagdalpur and are of 
the same nature as those in Jeypore. The lower beds of quartzites and 
sandstones are followed by shales and limestones. The limestones e.xhibit 
certain structures which may indicate the presence of algal remains. The 
upper part of the succession may represent the Sullavai Scries of \’indhyan 
age. In general the beds are jrractically horizontal except near the eastern 
boundaIy^ where they show much folding roughly along N.-S. axes. 


( HH.\TTISGARH B.ASIN 

The Purana rocks of the I'pper Mahanadi valley cover large portions 
■of Drug, Raipur, Bilaspur, Raigarh, Sakti, Nandgaon, Khairagarh, etc. 
The rocks occupy about the .same area as the Cuddapah basin in the south. 
Along their western boundaiy they overlie the Chilpi rocks while along 
most of the eastern and part of the southern boundary they lie over the 
gneisses. The rocks may be divided into a lower arenaceous division 
•called the Chandarpur Series and an upper limestone and shaly division 
called the Raipur Series. The Chandarpur division rests unconformably 
•on older rocks and may vary in thickness from 200 to 1,000 feet. It 
consists of fine purplish sandstone with spots of green chlorite and pink to 
buff shales. It forms a well-wooded undulating belt, about 10 miles broad, 
to the south of the Chhattisgarh plain. The Raipur Series is much thicker 
and consists of shales and limestones which lie nearly horizontally, but 
unconformably on the older beds. The limestones are compact thick- 
bedded and sometimes shaly, the latter grading into shale. The beds are 
unfossiliferous and have a thickness of about 2,000 feet in the Mahanadi 
valley. 

In the Barapahar and Phuljhar hills to the cast of the main Chhattis- 
garh area, the Chandarpur .Series attains a thickness of 5,000 feet, con¬ 
sisting of conglomerates, (|uartzites. sandstones, shales and siliceous slates. 
The Raipur Series is about 1,000 feet thick, consisting mainly of pink and 
buff shales and shaly limestones with a bed of granular ipiartzite at the 
top. It is thought that the diamonds formerly said to have been worked 
at Hirakud in the Mahanadi near Sambalpur were derived from the rocks 
of the Barapahar hills. The rocks in the Barapahar hills are often highly 
disturbed and er en over-folded and crushed along the gneissic border which 
seems to be a faulted junction. 



186 GEOI.O&Y OF INDIA AND BURMA j CHAP. 

Both the lower and njiper series in Clihattisgarli are cut across l)y a 
fexv’ dykes of comp.ict basic igneous rocks. They may be of Ciiddapah or 
Lower Vindhyan age. The Raipur Series is said to, resemble the X'indhyans 
in general. 


KOLH.AN SERIES 

Lying upon the Iron-ore Series of South Singhbhum and Keonjhar 
with a well marked unconformitv, there are a series of ba.sal conglomerates, 
purple sandstones, shales and limestones, which are practically unmetamor¬ 
phosed but subjected to folding in the western parts of their outcrops. 
The conglomerates contain pebbles derived from Singhbhum Granite, 
banded hematite-jasper and iron-ore. The limestone rests conformably 
on the basal sandstone but is not e.xtensive, being lenticular and about 
40 feet thick. It grades into phylhtic shale. The o\erlying shale is })ur- 
plish grey or buff and somewhat phyllitic. The rocks are folded and 
cleaved in some places. The ma.ximum thickness of the Kolhan Senes 
is only 250 feet, but there*is no doubt that it is much later than the Iron- 
ore Series. 


GW.ALIOR SYSTEM 

The rocks of the Gwalior System form hill ranges e.xtending east tcp 
west along the northern fringe of a narrow belt of Bundelkhand gneiss 
at and near Gwalior. They have been regarded as the etjuivalents of 
the Bijawar Series which lie 120 miles to the east. There L still some doubt 
whether they are of Cuddapah or Aravalli age. 

The outcrops of the Gwaliors occupy an area 50 miles long and 15 to- 
20 miles v'ide, vdth a \'ery gentle northerly dip. They comprise sandstones, 
ferruginous jaspers, limestones and interbedded traps. They lie with an 
unconformit}' on the denuded surface of the Bundelkhand Granite. They 
have a great resemblance to the unmetamorphosed rocks near Hindaun 
and the jaspers and shales of Ranthambhor (Jaipur) which are regarded 
as of Aravalli age by Heron. 

The Gwaliors ha\'e been divided into a lower Pay Series, upto 200 feet 
thick, and an upper Moray Series which is over 2,000 feet thick (C. A. 
Hacket : Rcc. Ill, p. 34, 1870). The Par Series consists of thin-bedded 
sandstones at the base resting on an irregular denuded surface and some 
sandstones and shales into which sometimes Bundelkhand tjuartz reefs 
project. The sandstones form well marked scarps. The Morar Series 
consists of siliceous and ferruginous shales with bands of bright red jasper. 
There are also ochreous shales and limestones with chert concretions. 
There are at least two chief horizons of traps, the lower 70 feet and the 
upfKT more than 500 feet thick. The ferruginous shales hai^e been used as 


irnn-ore. 
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Ihe correlation of the (iwaliors is a matter ot some difficulty. They 
lie oh the Bundelkhand Gneiss and are practically unaltered sedimentaries. 
Though they resemble the immetamorphosed Aravalhes of Ilindaun and 
Ranthambhor in lithology, they are probably- of Cuddapah age, since they 
have a horizontal disposition and are unaltered. I'heir immunity to 
metamorphisni and disturbance may, however, be due to their isolation 
from the mam area of orogenic activity in Rajasthan. The age of the 
traps from the upper beds, determined by the helium method, was 500 
million years according to Dubey, who therefore e(|uate.s them to the 
Cuddapahs. 

HIJ.4W.-VR .SERIES 

This Series, first recognised in the Bijawar State m Bundelkhand 
(Central India), occurs in a series of outcrops extending from Bundelkhand 
to the south of the Narmada and has a thickness of less than 800 feet in the 
type area (H. B. Mcdlicott . Mem. II, p. 35. 1860). (,)uart/.ites and 
sandstones, sometimes conglomeratic, form the b.asal beds resting on 
gneisses. Siliceous limestones and hornstone-brcccia are found with the 
quartzites. These are rather irregularly distributed and arc of less than 
200 feet thickness. These are overlain by ferruginous sandstone containing 
pockets of hematite. The rocks are either horizontal or ha\-e a low south¬ 
easterly dip, though in a few jdaces in the south thev ha\ e been subjected 
to crushing. 

The Bijaw'ars are associated with lavas, tuffs, sills and dykes of basic 
composition with micro-pegmatitic patches, but there are also olivine¬ 
bearing rocks. The dykes of the Bijawar igneous suite are supposed to 
be the parent rocks of the diamonds found in the conglomerates of the 
Vindhyan and Kumool Systems, though so far as known, none of these 
basic rocks has the composition of kimberlite, 

A similar succession of rocks is found in the Dhar Eorest, Jabalpur 
and Rewa on the one hand, and in the Son valley of Bihar on the other. 

The rocks near Bag (22" 22' : 74" 50') and Jobat (22 25’ : 74' 37') 
were originally correlated with the Bijawars. Those of Jobat were assigned 
to the Archaeans by P. N. Bose. There is some tloubt whether the slates 
and phyllites of the Bag area are not also of .‘\rchaean age. The dolo¬ 
mites and (piartzites of the Xiinanpur area here are also probable of 
Archaean age according to M. K. Roy Chowdhury. 

The succession in Jabalpur consists of phyllites, mica-schists, calcitic 
and dolomitic marbles, banded ferruginous quartzites with which are associa¬ 
ted iron and manganese ores, and basic sills (and flows '], the whole as.semb- 
lage bearing a remarkable similaritv to the Iron-ore Series and jiart of the 
Gangpur Series of f hota Nagpur. There is little doubt that thesi'' Bijawars ’ 
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of Jabalpur are to be assigned the same age as the t'inghbhuin-tiangpiir 
rocks, i.e.. Dharwarian (Mem. XX.WII, pp. 803-806. I909i. 

The same remarks may perhaps apply also to tlie ' Bijawars ' of the 
Son valley, whose easternmost extension is found in the Kajgir, Kharakpur 
and Sheikhptira hills in the Gaya and IMonghyr districts. Thev comprise 
sandstones and conglomerates, slates, limestones, jasper and porcellanoid 
beds, chlorite-schists and basic lavas. In the ilirzapur district. Mallet 
regarded these (Mem. \TI, Art. I, pp. 22-23, 1871) as comprising two 
series separated by an unconformity. -At the contact with intrusive 
granitic rocks, the mica-schists and phyllites have been converted into 
composite gneisses, while the basic rocks have been epidioritised. I'he 
opinion has been expressed that these ‘ Bijawars ’ are also to be classed 
with the Dharwars (Metn. LXfl, Pt. II, p. 145, (footnote), 1933), though 
they may, with equal justification, be classed with the Cuddapahs. 

Dr. V. S. Dubey has proposed (Curr. Sci. XIX, 143, 1950J a threefold 
division of the Bijawars. He regards the Lower Cuddapah and Delhi 
rocks as Lower Bijawars ; the Middle Bijawars as including those with 
contemporaneous basic igneous activity as in the Bijawars of the type 
area and the L’pper Cuddapah of the Andhra area ; the Upper Bijawars 
as including the Semris (generally referred to the Lower A’indhyans) of the 
Son valley which contain acid flows and tuffs, and the Lower Vindhyans 
of Rajasthan with their Malani igneous suite, as well as the ultrabasic 
pipes in Bundelkhand containing diamonds. He advocates that the base 
of the Cuddapahs should be fixed at about 900 million vears (Holmes’ 
upper Pre-Cambrian to correspond to Cuddapah) ; that the Erinpiira 
granites and their pegmatites giving an age of 735 million years, and also 
the Malani igneous rocks should all be included in the Cuddapahs. A point 
in favour of this idea is that all Cuddapah and post-Cuddapah igneous 
activity would be relegated to the Cuddapahs and that the Vindhyans of 
Northern India would be the equivalents of the Kurnools which do not 
show any contemporaneous volcanism. There is also a well marked 
unconformity between the Semris and what are now regarded as the Copper 
A’indhyans. 


THE DELHI SYSTEM 

1 his System extends right along the main axis of folding of the .Aravalli 
mountains from near Delhi in the north, through Ajmer and Mewar to 
Idar and Palanpur in the south. In the north it consists of patchy e.xposures 
interrupted by allm ium. The exposures are fuller and much broader in 
the main synclinorium in Ajmer-Merwara and Mewar. Here they consist 
of two major synclines separated by a tongue of pre-Aravalli gneisses, 
the junction zones on both sides of the gneisses being marked by shearing. 
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The western margin of this tongue of gneisses is in places marked by a 
thrust fault and the western syncline is profusely intruded by igneous 
rocks which gradually increase in a S.W. direction until they almost obli¬ 
terate and assimilate the Delhi sediments. The synclines coalesce in the 
south. A few strips of the Delhis are also seen to the east of the main 
synclinorium. The exposures between Mewar and Jodhpur are only 6 
miles wide though exposed for a distance of 40 miles along the strike. 
Further south, the syncline widens and is also evidently buried deeper, 
enabling higher stratigraphical zones to appear in the centre. 

The Delhi System lies over the gneisses and the Raialos with a great 
unconformity and is in turn overlain unconformably by the Lower 
\'indhyans. The unconformity at its base is taken to repre.sent the epar- 
chaean interval. The Delhi System is correlated with the ('uddapahs, 
both consisting of about equal thickness of sediments, namely 20,000 feet ; 
but the Delhis differ from the Cuddapahs in that they have been subjected 
to mountain building forces and to extensive folding, faulting and igneous 
intrusions. The Cuddapahs are comparatively less disturbed, and even 
that only in the eastern part of their exposures where the argillaceous 
strata have developed cleavage but have not been converted into schists. 

The general succession in the main synclinorium is shown in the accom¬ 
panying table. 

T.^bi.e 19— The Delhi System 


^fain Synclino- 
Jodhpur rium, Mewar & 

j .Ajmer-Merwara 


Vindhyans of 
W. Rajasthan 
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Malani igneous | Lower Vindhyans 


suite 



[ ■ - - 
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not present) 

! ' Calc-gneisses ’ 

‘ Calc-schists ’ 
Phyllites and 
biotite-schists 

J 

Boundary 
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Quartzites 

Arkose-gnt> 

Sawa 

shales 

\ 1 
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sand¬ 

stones 


Jaipur .Alwar 


Ajabgarli .Ajabgarh 
Senes Series 

' Hornstone 
breccia 
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garh 

Alwar limestone 

Series Alwar 

Series 


Raialo Series Raialo Series Raialo 

(Makrana Series 

marbles) 


Ra lalo 
Senes 
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The succession is fulh’ developed in Ahvar, where two extra horizons 
namely Kiishals,arh Limcxtonc (1,500 feet) and Hnynstonc Bycccia (small 
but variable thickness), intervene between the Alwar and Ajabgarh Series. 
The Alwar Series are rather unevenly developed in the various exposures. 
They die out in the middle portion of the syncline but reappear again 
in the south where faulted outliers appear in an inverted position under 
the Aravallis. The Ajabgarh Series often show injections of pegmatites 
and aplites which have produced composite gneisses in different places. 
The Calc-Scliisls are thinly bedded flaggy biotitic limestones w'hich, when 
metamorphosed, have become schistose with the development of tremolite, 
diopside, biotite and feldspar and consist of dark and white bands. In 
the extreme south they are found m an unmctamorphosecl condition. 
The Cci/c-Gneisses, on the other hand, are coarse and contain much car¬ 
bonate in the less metamorphosed areas such as those east of Beawar where 
they are 3,000 feet thick, and also in Mcrwara. They are mainly dark- 
banded siliceous limestones, ^^'hen followed along the strike they become 
more metamorphosed and gneissose. They are .generally more massive 
and harder than the f'alc-Schists. Their south-eastern border in the 
south is a shear zone along which Erinpura Granite has been intruded. 
Near the bathohth of .Mt. .\bii, the Calc-Gneisses are \pry profusely in¬ 
jected with granitic materials. 

North-Eastern Area.—The Delhis in the north-eastern area consist 
of narrow strike-rid,ges in which the rocks show moderate folding. The 
general strike is N.N.E.-S.S.W. but the rocks are overfolded to the south¬ 
east as a series of isoclines. The Alwars are 10,000 to 13,000 feet thick, 
consisting of compact (juartzites, conglomerates and grits. Some of the 
quartzites consist of almost pure quartz grains. A few subordinate shaly 
and calcareous bands are present and also sills of epidiorite and meta- 
dolerite. In the upper beds there is an admixture of argillaceous materials 
and the quartzites become mottled and streaked with brown colour. The 
Alwar Quartzites contain some deposits of iron and copper ores. The 
quartzite ridges prominently e.xposed at and near Delhi belong to this 
formation. 

The Kushalgarh Limestones overlie the Alwars. They are dolomitic 
limestones with dust-like inclusions, showing a banded structure, with 
practically no joining. Their maximum thickness is 1,500 feet. The 
Hornstone Breccia appears at some horizon in the Kushalgarh Limestone, 
more often near the top. It is developed only in the Alwar State. It is 
considered to have been derived from the shattering of the alternating 
thin beds of quartzites and shales during the intense folding of the strata. 
The rock consists of angular pieces of quartz in a fine grained dark matrix 
of ferruginous and siliceous matter which is sometimes rich in iron. Being 
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quite hard, it forms hillocks, but its outcrops are irregular and sinuous. 
Its autoclastic origin explains its varying stratigraphical horizon. 

the Ajahgarhs are mainly an argillaceous series, forming synclinal 
valleys because of their comparative softness. They contain subordinate 
siliceous limestones, calcareous silts and ferruginous qiiartzitt'S, The 
shales arc sometimes phyllitic, and when metamorphosed have dereloped 
chiastolite, staurolite and small garnets. They are thin-bedded anel show 
minor crumpling as well as abundant irregular joints. 

In the lower part of the Alwars there are several contemporaneous 
basic lava flows and sills. Thin and numerous jiarallel sills are some¬ 
times noted in the quartzites in some places and these may represent 
metamorphosed volcanic ash interbedded with the quartzites. \\'hen the 
basic intrusions are found in limestone bands, they have produceil zones 
of actinolite, tremolite, epidote and other calc-silicates. 

Western Jaipur. —Being close to the .A.ravalli axis, the Delhis in 
this area are highly folded, metamorphosed and intruded by granitic and 
basic igneous rocks. The .Alwar (|uartzites are well developed. The 
Kushalgarh Limestone and Ilornstone Breccia are missing. The Ajabgarhs 
consist of mica-schists, micaceous quartzites and calciphyrcs. The copper 
ores of Khetri and Singhana and the cobalt ores of Babai are found in 
quartzites and slates associated with brown mica-schists, and impure 
limestones of Delhi age. 

Main Synclinorium. —The Delhis are exposed in the mam syncli- 
norium from .Ajmer through Mewar into Sirohi and Idar, over a distance 
of more than 200 miles. The Kushalgarh Limestones and Hornstone 
Breccia are not developed in this region. The basal beds seem to show a 
distinct relation to the rocks on which they lie ; arkose and grit occur where 
they lie on gneisses and pegmatite, but only quartzites are found where 
they lie on .Aravalli phyllites. Thick conglomerates (1,000 feet) occur 
at Barr and can be traced for 30 miles. They contain large quartz pebbles 
which are much drawn out in the direction of dip. Near Todgarh in Ajmer 
an excellent section of the .Ajabgarh Series is developed. Heic the Calc- 
Schists are profuselv injected bv the Erinpura Granite. 

The Sau’d Grits which unconfonnably lie on the Bagawanpura lime¬ 
stone are considered to represent the Delhis. The grits pass upwards 
into the Sawa Shales, the thickne.ss of the whole formations being about 
200 feet. There are also the Jiran Sandstones which lie below the A'indh- 
yans or the Deccan Traps, separated by an unconformity. They 
consist of 200 feet of compact, harrl, pale grey quartzites, sometimes fer¬ 
ruginous and mottled with purple stains. They may also represent the 
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Delhis. They resemble the Kaimur Sandstones to some extent and were 
originally described as Delhi Quartzites. 

Erinpura Granite. —The Delhi System is intruded by the Erinpura 
Granite which shows a great deal of variety in its form, size, texture and 
degree of foliation. It has no effusive representatives. It is generally 
a biotite-granite but its pegmatites contain muscovite and tourmaline. 
It occurs in two forms, a massive granite which occurs as bosses, and a 
sheeted type intercalated with other rocks when it shows \'ariation in 
grain size and occasional development of porphyritic types. In the type 
area, in eastern Mewar, it shows gneissic foliation especially near the border 
of schistose rocks. This granite forms the chief intrusive igneous material 
in the Delhi rocks. It occupies a large area on the north-western side of 
the Aravalli range, obliterating part of the western portion of the Delhi 
synclinorium in the south. It is e.xposed also in Palanpur, Idar, Sirohi, 
Beawar, Jaipur and Alwar. Mt. Abu is composed of a large batholith of 
grey biotitic granite with hornblende, being composed mainly of quartz, 
microcline, orthoclase, some plagioclase, sphene, iron-ore and fluorite. It 
becomes somewhat micaceous when it approaches the schistose rocks. 
It shows xenoliths of amphibolites which represent partly assimilated 
invaded rocks, and also dj'kes of pegmatite and dolerite. 

Malani Igneous Suite. —There are other granitic rocks in Rajasthan 
which are correlated with the Malani Granites. They have been called 
the Idar Granite in Idar where they show granitic, microgranitic and grano- 
phyric phases. The Idar Granite was originally described by Middlemiss 
as the local phase of the Erinpura Granite but Heron considers it to be of 
Malani age. Jalor Granite is a hornblende biotite-granite while the Siwana 
Granite is a hornblende-granite. The volcanic phases of these are the 
Malani rhyolites, porphyries and tuffs which occupy a tract of country 
150 miles long (E.-W.) and 120 miles broad (N.-S.) in Jodhpur and surround¬ 
ing areas. The effusives include also felsites and de-vitrified rhyolites 
intercalated with acid tuffs and pyroclastic materials. The intrusive 
phases, i.e., Jalor and Siwana Granites, are intrusive into the Delhis and are 
considered to be later than the Erinpura Granite and of Lower Vindhyan 
age. The effusives are found undisturbed over the Aravallis. The re¬ 
presentatives of the Malani suite are apparently present in the Tusham 
hills of Hissar district in the Punjab and in the Sangla hills further west. 

Some ultrabasic rocks are also found intrusive into the Delhis but 
generally altered to epidiorites, talc and chlorite-schists such as those 
found near Biwar and to the south of Ajmer. 

In the Sirohi State there are occurrences of alkali granites, gabbro, 
dolerite, pyroxenite and picrite, which are thought to be later than the 
Erinpura Granite but earlier than the Malani rocks. 
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AGE OF THE IGNEOUS ROCKS OF RAJASTHAN 

Dr. Heron considers the Bundelkhand Granite as the earliest igneous 
rocks in this region. The igneous components of the Banded Gneissic 
Complex may have been contributed by the Bundelkhand Granite or by 
some other unknown igneous rocks. The post-Aravalli granites are, 
according to him, of very limited e.xtent as he has mapped two types of 
granites in north-eastern Rajasthan, one pre-Delhi and the other post- 
Delhi. There are, in addition, the Erinpura Granite and the Malani igneous 
rocks which are respecti\’ely post-Delhi and Lower \'indhyan. 

In his Presidential Address to the Geology Section of the 40th Session 
of Indian Science Congress in 1953, N. L. Sharma has discussed the age 
relationships of the various igneous rocks in Rajasthan. .According to 
him there are no definitely proved pre-Aravalli granites. The Bundel¬ 
khand Gneiss is considered most likely to be post-.\ravalli as it has apparently 
contributed the granitic material of the Banded Gneissic Complex as well 
as of the Aravalli schists. In support he quotes the views of Crookshank 
who states that the Banded Gneissic Complex is essentially the same as the 
Aravalli schists which have been granitised by the Bundelkhand Granite. 
Sharma agrees that the Erinpura Granite which is so widespread in Rajasthan 
is post-Delhi and pre-Vindhyan. He is of the opinion that there are only 
three proved periods of granitic intrusions—the first post-.\ravalli, the 
second post-Delhi and the third Malani. 

Regarding the basic intrusives, three periods of activity are postulated 
by Sharma, as shown below ;— 

3. Olivine dolerite and basalt (post-Ermpura Granite) 

2. Meta-gabbro and meta-dolente (pre-Erinpura Granite but post-granitoid gneiss) 

1. Epidiorite, pyroxene-granulite and hornblende-schists (post-Aravalli but pre¬ 
granitoid gneiss) 

As there are considerable differences of opinion amongst the workers 
in Rajasthan regarding the age of the various granitic intrusions, parti¬ 
cularly in regard to the age of the Bundelkhand Granite and the granitic 
constituents of the Banded Gneissic Complex and of the Aravalli schists, 
much careful field and laboratory work is necessary before the history 
of the various intrusives can be unravelled satisfactorily. 

EXTRA-PENINSULAR AREAS 

The equivalents of the Cuddapahs and Delhis in the Himalayan areas 
are the Dogra Slates of Kashmir, Attock Slates of Punjab and N.W. 
Frontier Province, the Chails and Simla Slates of Simla Hills, the Chandpurs 
of Garhwal and Chakrata , and part of the Haimanta and Vaikrita Systems 
of the Central Himalayas of Kumaon. In Burma the Chaung Magyi 
Series may be partly of Cuddapah age. 


7 
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NORTH-WESTERN HIMALAYA 

A thick series of unfossiliferous slates, called the Dogra Slates in the 
Pir Panjal, and the Attock and Hazara Slates in north-west Punjab and 
Hazara are probably the equivalents of the Cuddapahs. In Hazara they 
occupy a N.E.-S.W. zone several miles across and continue into the Attock 
district. They are well-cleaved, dark, homogeneous slates with high 
dips. They bear a great resemblance to the Simla Slates of Simla which 
are older than the Blaini boulder-bed and are generally ov'erthrust by the 
Jutogh beds. They are well exposed between Simla and the Sutlej river 
and along the Mashobra road. The .Simla Slates are probably the equiva¬ 
lents of the Chail Series or both together form a conformable group. The 
Chads resemble the metamorphosed facies of the Chandpur beds of Chakrata 
and Garhwal. The unmetamorphosed Chandpurs do not resemble the 
Simla Slates for the}' consist of alternating bands of ph}'llites and quartzites. 
On the other hand, they resemble the Baling Series of Sikkim and Nepal. 
In the Chakrata area the Chandpurs are dark grey, steeply dipping and 
closely folded slates with interbedded sandy shale beds. They are here 
associated with the Mandhali beds whose exact stratigraphic position 
is very much in doubt. The Chandpurs at Chakrata are separated from 
the Mandhalis by the Tons thrust. The Chandpurs continue from Chak¬ 
rata eastwards into Garhwal. To the south the Mandhalis are thrust over 
the Siwaliks by the Krol thrust. Erom a study of the current-bedding 
shown by these beds in the syncline in which the\’ occur to the south of 
Chakrata, it has been concluded that the sequence is :— 

Xagthat (Jaunsar) Series 

-Unoonformitv-- 

('hamlpiir Senes 

-Thrust plane- 

Alandhah Series 

The Mandhalis consist of boulder beds, quartzites, slates and sandy 
limestone. The Chandpurs have been traced to .Alrnora and to Lansdowne- 
Dutatoli where the phyllites pass into schists of meso-grade. 

CENTRAL HIMALAYA 

The \^aikrita Series of Central Himalayas consist of different litholo¬ 
gical types, particularly mica-schists, talc-schists and. phyllites. The more 
highly metamorphosed \ aikritas of Garhwal have been noted to pass 
northward into epi-grade Haimanta Series which may, in part, be correlated 
w ith the Chandpurs. The Haimantas are a thick series found on the northern 
flanks of the main Himalayan range from the Spiti valley through Ngari 
Khorsum to the border of Nepal. Ihej’ consist of quartzites, grey shales, 
silky phyllites and red siliceous slates. Part of the Haimantas has been 
proved to be Cambrian and the rest may represent the Puranas. 
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In northern Kumaon, Heim and Gansser have given the name Murtoli 
Series to a group of phyllites. (juartzites and calcareous i)hvllites which 
are said to resemble a part of the Haimanta System and form the peaks 
Nampa, Nanda Kot and Nanda Devi. They are highly folded and contorted 
in places, and their thickness amounts to 5.000 metres. .Some of the phyllites 
probably represent volcanic tails. In the valley of the Kali river they 
are represented by the Ritdhi which show meso-grade metamorjiliism 

and are less thick than the Martoli Series. They may be of .\lgonkian 
age. 


BURMA 

The Chaung Magyi Series of X. Shan States which are an argillaceous 
Series with some quartzites, arc o\'erlaiii by fossiliferoiis Ordo\-ician rocks. 
They have been folded and there is an unconformity siqiarating them from 
the younger rocks. It is considered most probable that thev are of Parana 
(Cuddapah) age. They are said to have been traced continuously into 
Yunnan where thev merge into the Kao-Liang Series of Pre-Cambrian age. 


ECONOMIC MINERAL DEPOSITS 

Copper.—The copper ores of Khetri and Singhana in Jaipur occur 
as stringers of chalcopyrite, pyrite and other minerals in black slates asso¬ 
ciated with amphibolites, presumably of Delhi age. Old workings are 
seen over a length of several miles and the mineralised zone e.xtends for 
some 15 or 16 miles in a X.E.-S.W. direction. 

At Daribo and Kho in Alwar, thin lodes of copper ore containing 
chalcopyrite, pyrrhotite, arsenopyrite, etc., are found in slates near the 
base of the .Alwar Series. These occurrences are considered promising. 

Cobalt.—.-Xt Babai (27^53'; 75° 49') in Jaipur, copper-cobalt ores 
comprising chalcopyrite, cobaltite, danaite, etc. are found as .stringers and 
disseminations in slates (? of .Alwar age). They used to be worked in a 
small way for making cobalt glazes on metals. 

Asbestos.—The trap sills traversing the dolomitic limestones of the 
Vempalle Stage have produced serpentinisation in several places in a zone 
about 3 to 4 ft. thick, mainly near the upper contact. In this zone, as 
well as in the traps near the contact, chrysotile asbestos has been developed 
as cross-fibre veins of good quality. The best deposits are found about 
3 to 6 miles west of Pulivendla in the Cuddapah district. The length of 
the fibres in the veins varies from a small fraction of an inch to about 6 
inches, the average being around a quarter to half an inch. 
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Barytes.—The Cuddapah traps have also been responsible for the forma¬ 
tion of veins of barytes in the Vempalle limestone. Some of the veins are 
several feet thick and a few hundred feet long. The most important 
deposits occur near \'empalle, Pulivendla and Kotapalle in the Cuddapah 
district, Nerijumapalle and Mutssukota in the Anantapur district and 
near Balapalapalle and other places in the Kurnool district. The Alwar 
Quartzites of the Delhi System contain fissure-veins of barytes at Sainpuri 
and Bhakhera near Alwar. The deposits in Andhra State and in Alwar 
produce an average of 8,000 to 10,000 tons of barytes per year. 

Steatite.—Steatite and talc of e.xcellent quality is found dev'eloped 
in the dolomitic limestone of Vempalle Series near the contact with basic 
igneous sills at Muddavaram in the Kurnool district and Tadpatri in the 
Anantapur district. ‘ Lava ’ grade has been obtained from these deposits. 
Talc-schists are also found to have been derived from ultra-basic rocks 
intrusive into the Delhi System near Beawar and Ajmer in Rajasthan. 

Building Stones.—The basement arkose-conglomerate of Alwar 
Series at Srinagar (Ajmer) is a fairly well cleaved rock yielding slabs and 
blocks. A similar conglomerate-grit at Barr, in which the pebbles are 
much flattened and elongated, yields good slabs up to 15 ft. long, 2 to 3 ft. 
broad and 3 or 4 inches thick. The .Alwar Quartzite of Ghat and Maundla 
and the micaceous grits of .Ajmer and Nasirabad yield thick slabs and blocks. 
All these are hard and durable building stones. 

The slates worked at Kund in Alwar are of good quality, yielding 
school slates as well as thin slabs useful for paving and roofing. 

Ajabgarh Limestones are also worked at various places. The grey 
and black slabby limestone of Jhak and Sanodia (Kishangarh) yields good 
slabs. The Bhainslana stone is a hard compact finely crystalline limestone 
used for building and carving. The Tonkra stone is a coarsely granular, 
dull white crystalline dolomite, while the pink Narwar marble is a 
beautiful stone of ornamental quality. 

In the Cuddapah basin of Andhra some of the quartzites— e.g., Puli¬ 
vendla and Nagari—are used as building stones where they are well bedded 
and yield rectangular blocks and slabs. The Cumbum Shales contain 
some good well-cleaved slates worked near Cumbum and Markapur in 
Kurnool district. They are associated with thin bands of sandstone which 
can be used as sharpening stones. 

The Vindhyan shales near Katni in Madhya Pradesh have yielded 
fuller’s earth. In other areas, both in the Great Vindhyan basin of Upper 
India and in the Cuddapah basin of South India, there are various types of 
clays derived from the weathering of shales, which can be used in the ceramic 
industry. 



CHAPTER VTII 


THE VINDHYAN SYSTEM 

The Cuddapahs were succeeded by the rocks of the Vindhyan System 
after a time interval marked by earth movements and erosion. The 
Cuddapahs were then folded and metamorphosed to some e.xtent though 
the intensity of the forces at play was much feebler than that at the close 
of the Dharwarian era. In Rajasthan, however, the post-Delhi movements 
were of great intensity along the Aravalli axis and were followed by the 
granitic intrusions on a large scale. 

The Vindhyan System derives its name from the great Vintlhya 
Mountains, a part of which is found to form the i)rominent plateau like 
range of sandstones to the north of the Narmada valley, particularly in 
Bundelkhand and Malwa. It occupies a large basin extending from 
Dehri-on-Son to Hoshangabad and from Chitorgarh to Agra and Gwalior, 
surrounding the batholithic mass of Bundelkhand Granite. Oldham 
estimates the area of the exposures as about 40.000 square miles with a 
further 25,000 square miles lying underneath the Deccan Traps. 

Over the greater part of the area, only the upper portion of the Vindh- 
yans is developed, usually resting on the Cuddapahs or older rocks with a 
very pronounced unconformity. In the Son valley, vhere the Lower 
Vindhyans are well developed, an unconformity is seen between them and 
the upper divisions. The Vindhyans are distinctly less disturbed than the 
Cuddapahs but the lines of disturbance tend to be common in both. Within 
the Vindhyan System itself there are distinct unconformities, often marked 
by conglomerates, separating the different Series. 

The \'indhyans are, like the Cuddapahs, unfossiliferous. In recent 
years however, the Suket Shales of Rampura (24° 28' : 75 26') in Madhya 
Bharat have j’ielded small discoid impressions considered to be organic 
remains and a.ssigned to the genus Fermoria related to the primitive bra- 
chiopod Acroihele. There is, however, a difference of opinion as to whether 
they are inorganic or organic, and if the latter, whether they are plant 
or animal remains^. A new genus of similar nature, named Krishnania, 
has been described by Dr. M. R. Sahni (Curr. Sci. Feb. 1954). The Suket 
Shales, as also the shales and limestones of the Kheinjua and Rohtas Stages 
in the Mirzapur district, have yielded spores and tracheids of vascular 

I. Chapman, F. Rec. G.S.I., LXIX, pp. t09-I20. 1935. 

Sahni, M.R., Ibid, p. 458. 
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plants, algal thallus, carbonised casts of Dasicladaccous algae and fungal 
spores, described by various aufhors in recent years. 

The \'indhyans consits of four main series, named as follovis : — 

FEET 


Upper 

Lower 


■T 


Bhander Senes 
Kewa Senes 
Kaimur Senes 


Semri Senes 


arenaceous and calcareous 1,500 

mainly arenaceous ... 500—1,000 

mainly arenaceous ... 500—1,300 

mainly calcareous ... 1,000—3,000 


LOWER \TXDnVA.\'S : SEMRI SERIES 

From Sasaram westwards to the watershed between the Son and 
the Narmada, the Lower \'indhyans are e.xposed underneath the prominent 
scarp of Kaimur quartzites for a length of some 240 miles. Here the 
maximum width of this series is about 16 miles, but further east it narrows 
down to a width of less than 2 miles. This is the type area of the Semri 
Series. 

The lowermost beds of this series in the Son valley, called the Basal 
Stage, are 2,000 feet thick and consist of basal conglomerates and the 
Kajrahat Limestone beds. They are followed by shales and sandstones 
which have been silicified and converted to porcellanites (the Porcellanite 
Stage) attaining a thickness of about 300 feet. The Kheinjua Stage over- 
lying this is about 600 feet thick and consists of olive shales, fawn lime¬ 
stone and glauconitic sandstones which show ripple marks and other charac¬ 
ters pointing to shallow water and sub-aerial deposition. Abov'e this 
comes the Rohtas Stage, 400 to 700 feet thick, consisting of alternating beds 
of limestones and shales which support a flourishing lime and cement 
industry in Bihar. The limestone varies in qualitj' from bed to bed, much 
of it being of high grade and containing over 80 per cent, calcium car¬ 
bonate, less than 3 per cent, magnesium carbonate and about 10 per cent, 
silica. In the upper part there are large stone nodules in shales, while 
still further up siliceous limestones occur. 

The Semri Series is intruded by dykes of dolerite and basalt in a few 
places in the Son valley. The basic rocks contain both augite and rhombic 
pyroxene, zoned plagioclase, ilmenite and pyrite, with patches of micro¬ 
graphic quartz and feldspar and occasional glass. 

The Semri Series is found also in the Karauli area of Rajasthan where 
the Aravalli phyllites are overlain by sandstones and conglomerates and 
these in turn by the Tirohan Limestone. Above the Tirohan Limestone 
is a zone of breccia (Tirohan Breccia) which is due to the partial removal of 
lime by solution from the beds and the consequent collapse. .An uncon¬ 
formity intervenes between these and the overlying Kaimurs. The Tirohan 
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limestone is apparently the efiuivaleiit of the Rohtas Limestone and both 
are underlain by beds containing glauconite. 

On the southern side, in the Chitor-Jhalrapatan area, shales of probable 
Aravalli age are overlain successively by grits and conglomerates, Nim- 
bahera Shales, Nimhahera Limestones and Suket Shales, the thickness of 
this group of Vindhyan beds being about 1,000 feet. 

Table 20—The Semri series a.vd its eouivai.i.nts 


Son Valley 


Karauli C'intor 


Rohtas Stage ! Alternating lime- 
I stones anti shales 


Tirohan Breccia . . Siiket Shales 
Tirohan limestone Ximbahera I.iinestone 


Khcmjiia Stage ' Glauconite beds ' Glaiiconite-beanng Niniliahcra Shales 
Fawn limestone beds 

Olive shales 


Porcellanite Porcellanites and 

Stage siltcihed rocks 

Basal Stage ... Kajraliat Limestone 
Basal Conglomerate 


Sandstones and cong- Grits and conglome- 
lomeratcs rates 


UPI>1':K VIXOHVAN'S 

The Upper X'inclhyans arc exposed in the g^reat \dndhyan basin. 1 hey 
consist largely of sandstones and shales with snl>ordinate limestones, the 
sandstones forming extensive plateaux around and to the south of the 
Bundelkhand granite mass. The sub-divisions are shown in the accom¬ 
panying Table. 


Tahlk 21—1>PKK Vindhyan Sinckssion 


Bhandcr Series 


Rewa Senes 


Kaimur Series 


f L pper Bhunder Sandstones 
j Sirbif Shales 
Lower Bhander Sandstones 
I Bhander Limestone (Nagode) 
l^(»anurgarh Shales 

Diamond-bearing Conglomerate —- 

f I'pper Rewa SandsUmt's 
J Jhin Shales 

'■ I Lower Kewa Sandstone', 

Panna Shales 

Diamond-bearing Congkinierate- 

f ^ r Danclhraul Uuart/ite 
I'Pper "^^Yarp San<lstone & Conglomeniic 


f 

Lower ■{ 

L 


Bijaigarh .Shales 

I’pper Uuartzites ami Sandstonrs 

Siisnai Breccia 

Lower (Juartzites and Shales 
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KAIMUR SERIES 

In the Son valley the Kaimur Series contains two bands of quartzite 
in the lower division which may be gritty and even conglomeratic and show 
current bedding. The lower quartzite passes upwards into flagstones 
and shales showing ripple-marks and sun-cracks, and these into thin bedded 
micaceous and carbonaceous shales with sideritic bands. Interbedded 
with these are banded and jointed porcellanites, fragments of which are 
found in the ne.xt succeeding gritty bed called the Susnai Breccia. This 
breccia is undoubtedly of epi-clastic origin and marks a break in sedi¬ 
mentation, though the base of the Kaimurs is to be put at the base of the 
lower quartzite. 

The Susnai Breccia is overlain by the upper silicified quartzite (Lower 
Kaimur) with marked current and lenticular bedding and ripple-marks, 
which forms a very conspicuous scarp, 40 feet high, in the Son valley. 
Above this are other quartzites and also sandstones and mudstones which 
show extensive replacement by iron and have the characteristics of shallow 
water deposits. These pass upwards into the Bijaigarh Shales which 
are carbonaceous, pyritiferous and micaceous and generally bleached or 
yellow in colour. Lenticles of bright coal (vitrain) are found in these 
and some beds are fairly rich in carbonaceous matter. 

It is in these shales that a bed of pyrite about 3 feet thick occurs below 
the scarp of the quartzite at Amjor, Banjari and other places south of 
Dehri-on-Sone. The pyrite bed is generally rich enough in sulphur (around 
40 per cent.) to be worked. 

The Upper Kaimurs, overlying the Bijaigarh Shales, consist of greenish 
flagstones and sandy siltstones (generally showing current-bedding and 
ripple-marks) which crop out along the Kaimur scarp and are e.xemplified 
in the Mangesar hill. The green material apparently includes chamosite, 
chlorite and green mica. Above these are the Dhandraul Quartzites which 
are white to purplish in colour. The Upjier Kaimurs have a thickness 
varying from 500 to 1,000 feet. 

In Bundelkhand the Kaimurs show a basal conglomerate containing 
pebbles of jasper, the main formation being a fine-grained quartzite of 
greyish or brownish colour with conspicuous current-bedding. 


REWA SERIES 

The Kaimurs are succeeded by the Rewa Series comp)osed of somewhat 
coarser sandstones than those of the Kaimurs, and current-bedded flag¬ 
stones. The two series are separated by a zone of diamond-bearing conglo- 
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merate. The divisions recognised in Central India in the Rewa and the 
overlying Bhander Series are shown in the Table given above. 

The existence, in Bundelkhand, of the Lovrer Rewa Sandstones and 
Panna Shales is questioned by Vredenburg who states that the diamond¬ 
bearing conglomerate occurs at the base of the Jhiri Shales. In Gwalior, 
however, there are two shale bands separated by a sandstone, between 
the Kaimurs and the main Rewa Sandstone, 

BHANDER SERIES 

The uppermost division of the Vindhyans is the Bhander Series, w'hich 
is separated from the Rewa Series by a horizon of diamond-bearing conglo¬ 
merate. The Bhander Sandstones are fine-grained and soft, usually of a 
red colour with white specks. When light-coloured they often show red 
streaks. They are fairly thick-bedded and yield large blocks which are 
used in building. The Upper Bhanders frequently show ripple-marks 
The Bhander Limestone is of variable thickness and quality, passing from 
a good limestone to a calcareous shale. 

In some parts of Rajasthan the Bhanders show veins and beds o^ 
gypsum intercalated with the sandstones and shales. This and the pre¬ 
valence of red tints constitute the evidence of deposition under arid 
conditions. 

In the great Vindhyan basin the sandstones and quartzites form a 
series of well-marked scarps while the intervening strata being soft, give 
rise to sloping talus. The chief members persist over large areas wdth 
fairly uniform characters. Taken as a whole, the structure of the Vindhyan 
area is that of a basin, the sandstones forming plateaux. Over the greater 
part of the area the beds are nearly horizontal, but they show evidence 
of disturbance near the north-west and south-east margins. In the Dhar 
Forest and near Jhalrapatan, the Vindhyans are folded and show steep 
dips. 

The Vindhyans are thickest in the southern and south-western areas. 
The Upper Vindhyans are 11,000 feet thick in the south-w'est, 4,500 feet 
in the north-west and about 4,000 feet in Bundi State. The Lower V'indh- 
yans are either thin or absent in the north-west, the Kaimurs overlapping 
them and coming to rest directly on the gneisses or on the Bijawars. 

The margins of the Vindhyan basin show a good development of 
sandstones, while the shales are best develojred in the centre and east, 
passing gradually laterally into sandstone. The prevalence of current¬ 
bedding and ripple-marks in the strata is indicative of shallow water origin ; 
while the red sandstones, of the Kaimurs and Bhanders for e.xample, 
probably indicate semi-arid and continental conditions. 



202 


GEOLOGY OF INDIA AND BURMA 


[chap. 


The Mndhyans have been deposited on peneplaned older rocks and 
there are evidences of semi-contemporaneous earth movements. In the 
Son-Narmada valley the compression seems to hav'e come from the south 
or south-west, while in the area between Chitor and Hoshangabad the 
compressive forces have acted from the south-west and west. In Rajasthan 
they have been affected by overthrusts from the west, along the Main 
Boundary Fault which has a throw of some 5,000 feet and which brings 
the undisturbed Bhanders against the highly folded Aravallis. This fault 
can be traced for a distance of about 500 miles, part of it coinciding with 
the course of the Chambal riv’er. There are, however, some strips and 
outliers of \'indh 3 'ans to the west of this fault, e.g., the Kaimurs from Bundi 
to Indargarh. 

There is little doubt that the Vindhyans continue to the north under 
the Gangetic alluvium, perhaps buckled down to form the basement of 
the Himalayan fore-deep. It is not known whether they are the equivalents 
of some of the unfossiliferous rocks of the sub-Himalayan region in U.P. 
and Nepal, which are now found broken up and thrust southward over 
the Permo-Carboniferous and Tertiary rocks. 

The Vindhyans of Rajasthan are invaded by the Malani group of 
acid igneous rocks, which include the Idar, Jalor and Siwana granites, 
granophyres, porphyries and the Malani rhyolites of Lower \’indhyan age. 
These acid rocks are cut by later basic dykes which are probably of the 
same age as those found intruding into the Semris of the Son valley. 


KURNOOL (KARNUL) SYSTEM 

The Cuddapah basin in the Andhra State contains two areas of younger 
rocks resting unconformablj' on the Cuddapahs—one in the Kundair valley 
stretching up to the Krishna, and the other in the Palnad tract. This 
younger group of rocks, constituting the Kumool System, is about 1,200 
feet thick in the west but much thicker in the Palnad area and has been 
affected by disturbances in the eastern part but by forces which were less 
intense than those which acted on the Cuddapahs. This system is regarded 
as the equi\’alent of the Lower Vindhyans. 

The Kurnools have been sub-divided into four series, composed mainly 
of limestones with subordinate shales and sandstones. 

Table 22— The Kurnool System 


Series 


Kundair 


Stages 


fNandyal Shales 
Koilkuntla Limestones 
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Pamam 

J ammalamadiigu 
Banganapalli 



Pinnacled Oiiartzites 
Plateau Quartzites 
Auk Shales 
Narji Limestone 
Banganapalli Sandstones 


The Banganapallis are rather coarse sandstones of grev and brown 
colours, sometimes shaly, feldspathic or ferruginous. They contain abundant 
small pebbles of quartz, jasper, chert and slate, derived mostly from the 
Cheyair Series. They are the main source of diamonds in the Kurnool 
formations. Some of the exposures have been extensit'elv worked for 
diamonds which industry was active in several places in this region till 
•about a century ago. 


The lower beds of the Jammalamadugu Series consist of limestones — 
the Narji Limestones—of various colours, especially blue-grey, luiff and 
fawn. They are about 400 feet thick at Narji where the rock is much 
quarried for building purposes. They are succeeded by the .-^uk Shales, 
of buff and purplish colours. The Paniam Series, developed around Paniam 
(Panem) and Undutla, comprises sandstones and quartzites. The topmost 
series, named after the Kundair since it occupies the valley of that river, 
has a thickness of 500 to 600 feet. The lower third of this is a compact 
fine-grained limestone (Koilkuntla) while the upper part consists of impure 
limestones and calcareous shales named after the small town of Nandyal. 


Outcrops of Kurnool rocks, sometimes called the Pulnad Series, are 
developed in Palnad, in the north-east of the Cuddapah basin, stretching 
on both sides of the Krishna river. They lie unconformably on the Cud- 
dapahs and contain a diamond-bearing conglomerate at the base. Their 
thickness is considerable but probably not as much as 20,000 feet estimated 
by Heron. They consist of limestones and shales, the limestones being 
high-calcium ones (75-90 per cent, calcium carbonate with a little magnesium 
carbonate) similar to the Narji, Sullavai and Bhima limestones. 


BHIMA SERIES 

Named after the Bhima river, a tributary of the Krishna, this Series 
is developed in the Gulbarga District of Hyderabad State and in the Bijapur 
District of Bombay. It occupies an area of roughly 2,000 sq. miles, lying 
over the Archaean formations. 

The rocks are divided into a lower and an upper series by W. King 
and R. B. Foote, but recent work by Dr. C. Mahadevan shows that a three¬ 
fold division is preferable [Jour. Hyd. Geol. Surv. V.). 
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Upper (300 feet) ... Black, blue, buff and purple shales with local sandstones 

at the bottom and flaggy limestones at the top. 

Middle (550 feet) ... Creamy, grey, bluish and buff limestones and flaggy 

limestones. 

Lower (350 feet) ... Sandstones and green and purple shales. The bottom 

beds are conglomeratic while the topmost beds are 
often calcareous. 

The Lower Bhimas are sandstones and shales, laid down in a gradually 
deepening sea. The middle division, consisting mainly of limestones, 
was deposited in deeper waters, probably as chemical sediments. At this 
period the basin of deposition attained its greatest extent and depth, for 
some of the beds overlap the earlier Bhimas and lie directly on the gneiss. 
The upper division points to the contraction and shallowing of the basin, 
the deposits being mainly shales. 

The eastern and southern parts contain only the lower and middle 
divisions while the upper division is found in the north and west. The 
deposits are nearly horizontal or low-dipping over large areas but show 
high dips and evidence of disturbance in the neighbourhood of some faults 
and at the junction with the Deccan traps. 

The Bhimas are devoid of fossils, though the constituent beds are 
well suited to the preservation of organic remains. The Kaladgis (which 
are referable to the Cuddapahs) lie to their west but nowhere in contact 
with them. The lithology, horizontal disposition and unmetamorphosed 
nature of the Bhimas point to their being the equivalents of the Kumool 
formations. 


SULLAVAI SERIES 

There is a group of rocks called the Sullavai Series in the Godavari 
valley consisting of slates, quartzites, sandstones and conglomerates. 
They are well exposed near Sullavai and in the Dewalmari hills, where the 
quartzites recall the appearance of the Pinnacled Quartzites of the Kumools. 
They have a thickness of 1,200 to 1,600 feet, and overlie the Pakhals un- 
conformably in the synclinal folds of the latter. 

CORRELATION OF THE VINDHYANS 

The Vindhyans are developed in two main areas : one comprises 
the Vindhyans of Rajasthan and Central India which are continued to the 
south of Bundelkhand and into Bihar. The lower part of the system 
contains some marine deposits, including limestones, while the upper 
part consists of shallow-water deposits partly formed in a semi-arid climate 
represented mainly by red sandstones and shales with which gypsum is 
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occasionally associated. The other is the Cuddapah basin in the Madras 
and Andhra States where the Kurnool System is developed ; this comprises 
marine sediments which are regarded as the equivalents of the Lower 
Vindhyans. The Vindhyans of Northern India have yielded only a few 
primitive fossils. 

The Cambrian formations of the Salt Range, especially the ' Purple 
Sandstones bear a striking resemblance to the Upper Vindhyans of 
Central India as pointed out by C. S. Fox {Rec. G.S.I. LXI, p. 173, 1929) 
and to some strata in the Cambrian Hormuz Series of Iran. It is not 
possible to consider the formations in these different areas as anything 
more than rough equivalents in geological age, though they are strikingly 
similar in lithological characters. 

Deposits of about the same age are to be found in the unfossilifefous 
ancient sediments of the Extra-Peninsula which are generally assigned to 
the late Pre-Cambrian. These probably include the Jaunsar Series, part 
of the Haimanta System of Spiti and part of the Buxa Series of Bhutan. 
In northern Kumaon the formations consisting of conglomerates, quartzites 
and dolomites, found in the Ralam Pass between the Lissar and Gori 
valleys, and resting on the Martoli phyllites, have been called the Ralam 
Series by Heim and Gansser. 

The Ralam Series consists of basal conglomerates, quartzites and 
dolomites. The conglomerates contain quartz pebbles up to the size of a 
man’s head in red or black siliceous ground-mass and attain a thickness of 
100 metres. They pass upwards into grey, purple and green massive 
quartzites 500 to 800 metres thick, overlain by orange coloured massive 
dolomite 50 to 100 metres thick. The Ralam Series is exposed only in 
the region between Milam in the west and the Lissar river in the east. 
It is considered to represent partly the uppermost Pre-Cambrian and partly 
the Lower Cambrian, thus corresponding roughly to the Vindhyan System. 

ECONOMIC MINERAL DEPOSITS 

Diamond.—For many centuries past, diamonds have been won from 
the Vindhyan and Kurnool formations. They are found as pebbles in the 
Banganapalli group of the Kuraools and in the conglomerates separating 
the different series of the Upper \’indhyans in the Panna State of 
Central India, as also just outside the Cuddapah basin in Sambalpur in 
Orissa. The original source of the diamonds which came to be deposited 
in the conglomerates is not known, though it is thought that they may 
have been derived from certain volcanic necks. 

The volcanic neck at Wajra Karur, south of Guntakal, is a slightly 
depressed area containing a weathered rock supposed to look like the blue 
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ground of Kimberley. The neck is about a square mile in area amidst 
epidote-bearing granite gneisses. The rock of the neck is an altered 
greenish rock, agglomeratic in nature, composed of matted chlorite, a 
green talcose mineral and rounded anti angular fragments of a harder 
rock and traversed by veinlets of calcite. The harder pieces consist of 
hornblende derived from augite, kaolinised plagioclase and a few crystals 
of olivine. Mr. P. A’enkayya, an amateur geologist, who lii ed for many 
years at Gooty and took keen interest in diamonds found in the neighbour¬ 
hood, has stated that he has found a piece of epidote-granite with a crystal 
of diamond in it and that the granite was the source of the diamond. But 
as the Banganapalli conglomerate (known to be diamond-bearing) must 
have e.xtended over this area in former times, Bruce Foote thought that 
the diamonds found here were deri\'ed from that conglomerate. The 
Wajra Karur region is still reputed to yield occasional diamonds to diligent 
searchers who visit and comb the area after the rains each year. In former 
centuries there was much activity in this region in search of diamonds 
as evidenced by numerous crushing platforms and enormous amounts 
of crushed debris strewn around them. Details of old diamond workings 
will be found in the writings of V. Ball, who has also summarised the in¬ 
formation in the \-oIume on economic geology in the Manual of the Geology 
of India by Medlicott and Blanford. 

V. S. Dubey recently reported that the circular area of diamond-bearing 
rock at Majgawan 12 miles S. W. of Panna town is really a volcanic pipe 
composed of material closely resembling Kimberlite-tuff (Q.J.G. M.M.S. XX, 
pp. 1-6, 1949). The pipe is said to be of pre-Kaimur age but surrounded by 
the Kaimur Sandstone. There is much clayey tuffaceous material in the 
pipe associated with altered serpentiuous rock whose chemical composition 
is \’er\' close to that of Kimberlite. Both this pipe and the Mndhyan 
conglomerates found in a large area in the neighbourhood yield diamonds 
which are worked, giving a small output. 

Limestone.—The limestones of the Vindhyans are amongst the 
most important sources of raw materials for the lime and cement industry 
in India— e.g., in the Son valley in Bihar and U.P., in Rewa, in Jabalpur 
in Guntur (Andhra) and in the Bhima valley in Hyderabad. 

The Xarji limestones of the Guntur and Kurnool districts are capable 
of yielding e.xcellent building stones. The flagstones quarried near Jammala- 
madugu, Yerraguntla (Cuddapah district), Betamcherla (Kurnool district) 
and other places, popularly known in Madras as ‘ Cuddapah slabs ' are 
widely used as paving stones, fence stones, steps and table-tops. These 
‘ slabs ’ are derived from the Jammalamadugu and Kundair formations 
of the Kurnools. They are easily split into slabs half an inch to four inches 
in thickness and up to 8 feet by 4 feet in size. They are fine-grained cal- 
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careous slates capable of taking a fairly good polish. Similar slabs are 
worked at Shahabad in Hyderabad. 

Building and decorative stones. —Some of the limestones of the 
Lower \hndhyan and Lower Bhander stages show spherulitic structures, 
the concentric shells of which display different colours. Beautiful stones 
of this kind, found at Sabalgarh near Gwalior, have been used in the inlaid 
decorations in the buildings of Agra. Some of the buildings of Chitor- 
garh have been built of Nimbahera limestones. The limestones of the Palnad 
region (Guntur district), particularly the Narji limestones, are e.xcellent 
building and ornamental stones, some varieties with deep red, chocolate, 
green, cream and grey colours yielding very attractiv'e fine-grained marbles. 
These limestones have been used in the Buddhist sculptures of Amaravati 
in that district. 

The white \’indhyan sandstone of Khatu in Jodhpur yields an e.'ccellent 
flagstone eminently suitable for delicate carving and making the perforated 
windows and stone screens common in the buildings of Rajasthan. E.\- 
quisite carvings ha\'e been e.xecuted in the sandstones from the Mirzapur 
district and used in the dargah at Maner near Dinapore and in the architec¬ 
tural monuments at Sasaram and other places in U.P. and Bihar. 

The Vindhyan sandstones, especially of the Bhander Series, constitute 
a great storehouse of e.xcellent stones which, because of their regular bedding, 
uniform grain, pleasing colours, easy workability and durability, have been 
very e.xtensively used all over Northern India as building stone. They are 
worked in many areas in Bundi, Kotah, Dholpur, Bharatpur, Jaipur, 
Bikaner in Rajasthan and in Mirzapur and other areas in U.P. The stones 
have cream, light grey and red colours and may show streaks and spots 
of red or creamy tints. Some are thin bedded, yielding slabs, others thick 
bedded, suitable for columns and beams. They have been used in the 
Buddhist Stupas of Sarnath, Barhut and Sanchi ; in the palaces, forts 
and mosques at Agra, Bharatpur, Delhi, Lahore, etc,, and in many buildings 
in the cities of the Ganges valley. Akbar’s city of Fatehpur Sikri has 
been constructed almost entirely of red sandstone. The modern admi¬ 
nistrative buildings of the Government of India at New Delhi and even 
the war-time barracks have used them e.xtensively. They are so adaptable 
that they have yielded stones for paving, panelling and roofing for window 
and door sills, beams, pillars, fenceposts, milestones, telegraph poles, 
fountains, water trough and for many other uses. 

The Auk shales in the Kurnool district yield good fire-clays and yellow- 
ochres. Near Banganapalle, the shales contain some beds of rather impure, 
slightly clayey chalk. 
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Glass Sand. —Some V’indhyan sandstones near Allahabad, U.P. 
on disintegration by weathering, yield good sands which are being used for 
the manufacture of glass. The deposits occupy an area of over 100 sq. 
miles and extend into the neighbouring States. If specially purified, 
some of these sands can be used also for optical glass manufacture. 
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CHAPTER IX 


THE PALAEOZOIC GROUP : 

CAMBRIAN TO CARBONIFEROUS 

THE CAMBRIAN SYSTEM 

Fossiliferous marine Palaeozoic rocks are absent from the Peninsula 
except for one or two small patches of Lower Permian age near Umaria 
in Rewa and possibly also a part of the Upper Vindhyan which may be of 
Cambrian age. The Cambrian System has been studied in the Salt Range, 
Kashmir and the Spiti Valley where it is represented by richly fossiliferous 
beds. 


SALT RANGE 

Of the three areas mentioned above, the Salt Range is the most easily 
accessible. Wynne studied the region over 70 years ago and many geolo¬ 
gists have followed him during the years that have elapsed since then. 
The last to make a comprehensive study was E.R. Gee who mapped the 
Salt Range and the neighbouring region during the thirties of the present 
century. Before proceeding to describe the stratigraphy of this region, 
it would be advantageous to give a brief description of its geographical 
and structural features. 

The Salt Range constitutes the southern edge of the Potwar plateau 
between East Longitudes 71 ° and 74°. The northern limits of this plateau 
are formed by the Kalachitta hills, while the eastern and western limits 
are delineated by the rivers Jhelum and Indus. The Salt Range forms a 
series of irregular ridges which are convex towards the south, overlooking 
the Mianwali plains. These ridges attain an average height of 2,500 to 
3,000 feet, the highest point being Mount Sakesar (32° 32' : 71° 56') 4,992 
feet above sea-level. The more important of the ridges are named the 
Chambal, Ndi, Rohtas, Pabbi, Sakesar, etc. Though the Salt Range ter¬ 
minates at Mari on the Indus, the formations are continued beyond the 
Indus where the rocks have an E.-W. trend in the Chichali and Shingar 
ranges. Further west the trend veers to the south forming a series of 
ranges which are convex to the east and south, and which are called the- 
Maidan, Marwat, (Nilaroh), Sheikbudin and Bhattani Ranges. The Khasor 
Range lies between the Indus river and the Marwat Range. 
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The Salt Range is a highly disturbed folded and faulted structure 
whose southern face is an over-fold thrust towards the Mianwali plains. 
Its northern side consists of gently dipping strata merging into the Potwar 
plateau which, for the most part, exposes Siwalik and Murree strata. The 
southern face of the Salt Range presents a series of escarpments rising 
abruptly from the plains and exposing Cambrian strata and a fairly conti¬ 
nuous succession from the Permo-Carboniferous to the Eocene. There 
are numerous cross-faults along which block faulting has taken place. 
Several ravines cut the range in a radial direction and some of these un¬ 
doubtedly follow zones of faulting. 

The arcuate form of the Salt Range is to be attributed to the great 
Himalayan movements which compressed the strata and made them flow 
over some distance towards the south, the eastern and western ends having 
been held back by wedges of ancient rocks which lie underneath and which 
may be called the Kashmir and Mianwali wedges. Outcrops of ancient 
rocks belonging to the Delhi System are found near Sarghoda 
{32° 6' : 72° 40') and in the Chiniot and Sangla hills not far from the eastern 
end of the Salt Range. 

The Potwar plateau is occupied partly by the Soan (or Sohan) Syncline 
filled with Tertiary sediments having a width of some 50 miles. The 
intensity of folding and faulting increases towards the north where the 
•compression was most intense, as shown by Pinfold {Rec. 49, pp. 137-159), 
who distinguishes the following zones from north to south. 

1. Kalachitta Antichnorium 

2. Isoclinal Zone 

3 Faulted Zone 

4 Anticlinal Zone 

5. Soan Syncline 

6. Salt Range 

This region has been studied in some detail, and several boreholes have 
been put down in it in search of petroleum. The so-called Isoclinal and 
Faulted Zones reveal the presence of numerous strike faults, giving a false 
impression of isoclinal structure because of repetition of strata. W.D. 
Gill (1953) has shown that the Isoclinal Zone is a misnomer and should 
really be included in the faulted zone. A few anticlines in this area are 
petroliferous, e.g., Khaur (33° 16' : 72° 27'), Dhulian (33° l' : 72°21') and 
Joya Mair (33° I' : 72° 45'), To the south of these is the Synclinal Zone which 
narrow's in a westerly direction, being narrowest between Kalabagh and 
Kohat where some of the folds close up. The axes of the structures have 
a general E.-W. trend, but may be N.E.-S.W. in some parts of the area. 

The Kohat region to the north of the Potwar plateau shows a very 
complicated structure in which Eocene and Mesozoic rocks are brought 
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up in anticlines. Lower Eocene rocks are present underneath where they 
are not e.xposed, for small amounts of oil, apparently deri\'ed from Lower 
Eocene limestones, are found in the rock-salt of Kohat. The highly dis¬ 
turbed rocks of this belt continue westwards across the Indus into the 
Samana Range. 


STR.'\TIGR.4PHY 

The oldest beds e.xposed in the Salt Range are of Cambrian age 
as some of them contain trilobites and brachiopods of this age. They are, 
in ser’eral places, directly underlain by saline marl with beds of gyjisum 
and rock salt. Upon them rest marine strata ranging in age from Upper 
Carboniferous to the Eocene. The succession becomes more complete 
as one proceeds from east to west. The Upper part of the scarps is comjiosed 
of either Permian or Eocene limestone. When followed from the top of 
the scarps in a northerly direction into the Potwar plateau, the Ifoceiie 
strata are overlain successi\'ely by the Murrccs and Siwaliks. 

At the eastern extremity, near the Jhelum rii-er, the ICocene beds 
rest directly on the Cambrian. Some distance to the west, the Olive 
Series of Copper Carboniferous age appears as a thin bed and becomes 
gradually thicker further west. The glacial boulder beds of Talchir age 
and the Speckled Sandstones are first seen near Khewra, while in the Xilawan 
ravine, about 45 miles from the eastern end, the Productus beds make 
their first appearance. The places which have given their names to the 
stages of the Productus limestone occur at different distances west of 
Nilawan (Xila Wahan). The Productus beds attain their full development 
near Kundghat (25 miles west of Nilawan ravine) where Triassic beds first 
appear. A little further west, near .Amb, Jurassic strata are to be seen. 
This gradual thickening and the fuller succession of marine strata in the 
west indicate that the sea gradually retreated westwards during their 
deposition and that it was deepest in the west. .A schematic section longi¬ 
tudinally along the Salt Range is given in figure 1. 

There are four important stratigraphic breaks in the succession in the 
Salt Range—the first between the Cambrian and the Talchir horizon, 
the second below the Upper Jurassic, the third below the Eocene and the 
fourth below the Murrees. The general stratigraphic succession is given 
in Table 23. 

The Cambrian sediments include Purple Sandstones which are con¬ 
sidered as deposits of a semi-arid climate, and also dolomites, some fossili- 
ferous shales, sandstones and shales containing salt pseudomorphs. These 
are all regarded as marine deposits, laid down generally in shallow water. 
There are no beds to represent the Ordovician, Silurian, Devonian, and 
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Lower Carboniferous ages. Glacial boulder beds of Talchir age rest directly 
over the Cambrian strata and are succeeded by shales and sandstones 
containing leaf impressions and spores of plants, and by the Eurydesma 
and Conularia beds. The marine facies continued and Speckled Sandstones 
and Lavender Clays of Permian age were then deposited. The basin of 
deposition then became deeper and the Productus Limestones were formed. 
The Tapper Permian is marked by sandy calcareous materials indicating 
shallow water deposition. The Ceratite Limestone of Triassic age was 
then deposited and the sea was gradually regressing westwards. The 
Upper Triassic beds as well as the Kingriali Dolomites are of shallow water 
origin. Then followed a short period of sub-aerial conditions when laterite 
was formed on the surface of the exposed beds. This underlies the Varie¬ 
gated Shales of Jurassic age. The L'pper Jurassic is represented by the 
fossiliferous Baroch Limestone. A slight break, marked by broken shell 
fragments, intervened between these and the succeeding Belemnite beds 
of Lower Cretaceous age which are shallow water formations containing 
glauconite. The Belemnite beds are present in the western Salt Range 
and also in the Surghar Range. They are succeeded by massive sandstones 
with intercalations of carbonaceous shale containing plants and mollusca. 
The earth movements of the Upper Cretaceous brought about a retreat of 
the sea to the west and north, but the presence of Maestrichtian fossils 
in the western Salt Range indicates that such retreat was not complete. 

In the early Eocene, estuarine and shallow water conditions prevailed, 
but this was preceded by a short period of sub-aerial weathering as indicated 
b}' the presence of laterite. During the early Eocene some coal seams 
were formed in the western Salt Range. Over the greater part of the 
area, however, the Ranikot period was one of extensive marine conditions, 
but towards the end of that period there was a regression of the sea in 
several places. Marine conditions are again indicated during the Laki 
period, but in the northern Potwar region, the Upper Laki saw the deposition 
of rock-salt, gypsum and dolomite. The Chharat beds (Laki to Middle 
Kirthar) are mostly of fresh water origin containing vertebrate and mollus- 
can fossils. They overlie the Shekhan Limestone of Upper Laki age and 
are followed by the massive Kohat Limestone of Middle Kirthar age and by 
the Sirki Shales of Upper Kirthar age. Gypsum beds are here intercalated 
with Meting Shales (Laki) and with red and purple sandstones of Lower 
Chharat beds. Earth movements seem to have taken place at the end 
of the Ranikot times, when a ridge was formed in W'aziristan, for there 
are no Laki beds there. Laki beds are, however, found on both sides of 
that ridge but they are somewhat different from each other. The Kohat 
side became a closed basin during the Laki times and received waters only 
intermittently in the western and southern parts so that conditions for the 
deposition of gypsum and salt were present, as in the Bahadur Khel area. 
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Another marine incursion took place in the Upper Kirthar when limestones 
and shales were deposited in the northern Potwar area. 

The strong earth movements which took place at the end of the Eocene 
uplifted the northern regions. Murree strata were then laid down during 
the Oligocene and early Miocene times in the brackish waters of the foredeep 
which was formed in front of the rising mountains. The Murrees are 
seen overlapping the Laki beds in some places. During the succeeding 
period, the Siwaliks were laid down in the same basins and the waters 
in them were gradually becoming fresh. The large thickness of the coarse 
sediments in the Siwaliks indicate that the basins were depresseil to keep 
pace with the deposition. 

It may be noted here that the Saline Series in the Salt Range consist 
of three stages : a lower Gypsum-Dolomite stage containing beds of 
gypsum, anhydrite, dolomite, \’anegated gypseous clays and oil shale.s ; 
a middle Salt Marl stage consisting of red marl with thick seams of rock- 
salt ; and an upper Gypsum-Dolomite stage consisting of massive white 
or grey gypsum and dolomite with oilshales. A thin bed of decomposed 
diabase called the Khewra Trap is found in the upper stage . In the Kohat 
region, on the other hand, the Saline Series consist of two stages, the junction 
between the two being considered as tectonic by Murray Stuart (1919). 
The lower stage consists mainly of rock-salt with at least six seams of salt 
having a thickness of 750 feet or more, while the upper stage contains 
gypsum, dolomite, impure limestones, green shales and oil-shales, having 
a thickness of about 100 feet. The salt beds in the Kohat region occur 
fairly regularly along the cores of anticlines and faulted folds in Eocene 
rocks, often accompanied by Mesozoic rocks. Table 24 show's the Cambrian 
succession in the Salt Range consisting of five series including the Salt Marl. 


Table 24— Cambrian Succession in the Salt Range 


■Salt Pseudomorph Shales 
(up to 350 feet) 


Red to purple and greenish silty shales with casts or 
pseudomorphs of salt crystals showing on bedding 
planes. Contain some gypsum. 


Magnesian Sandstones 
(up to 250 feet) 


Neobolus Beds 
(up to 150 feet) 


Purple Sandstones 
(250-450 feet) 


Saline Series 
(Salt Marls) 

(up to 1,500 feet) 


{ Well bedded cream coloured dolomitic sandstones, sand}- 
dolomites and subordinate shales. 

C Fossihferous grey shales, sandy shales, sandstones 
J which may be micaceous, dolomitic and glauconitic 
} Pebble-bed at the base Characterised by Xeobolu\ 
and other brachiopods as well as some tnlobites. 

{ Fine grained pink, purple and maroon sandstones 
Lower part shales and flagstones. 

' (r) Upper Gypsum-dolomite with oil-shales (and decom¬ 
posed diabase, Khewra Trap). 

{b) Pink, red or purple Salt marl with beds of rock- 
salt. 

{a) Lower gypsum-dolomite with oil-shales 
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SALT MARL OR SALINE SERIES 

The Cambrian succession, which is well-exposed in the eastern part 
of the Salt Range, includes the Salt Marl as the oldest member. It is a. 
mixture of powdery fine-grained marl and fine red sand, which when dry, 
has the consistency of red brick. The material is soft and homogeneous 
and does not contain coarse sand or pebbles. The marl, when treated 
with hydrochloric acid, effervesces strongly, leaving a residue of red mud.. 
The marl forms a practically unstratified mass, conspicuously red to 
dull purple or maroon in colour, and contains grains of sodium chloride, 
gypsum and carbonates of calcium and magnesium. Indications of strati¬ 
fication in the marl are given by the presence of layers of salt, gypsum or 
dolomite. Though no bedded structure is seen in general, sections in the 
mines sometimes show bedding and contortions of the layers. Occasionally,, 
there are green and grey elongated streaks and patches in the marl. There 
are also anastomising and filmy stringers of gypsum in the marl indicating 
the tendency of the gypsum to segregate. The dolomite in the marl forms, 
honey-combed lumps and it has been pointed out by Middlemiss that 
there is complete gradation between the lumps and the streaky patches.. 
The inference is that these patches are the result of disintegration of the 
layers of dolomite and their assimilation by the marl. The dolomite first 
becomes dotted with punctures which gradually become enlarged to produce- 
a honey-combed or spongy structure, the holes being filled with gypsum. 
In some places bituminous shale is found in the upper division of the Saline 
Series, and there are also thin beds of highly altered purplish trap (diabase)., 
The layers of trap may attain a thickness of about 10 feet. 

As mentioned already, the Saline Series in the Eastern Salt Range 
can be divided roughly into three stages. The lower division consists 
mainly of gypsum, anhydrite, dolomite and clays with a thickness of at 
least 750 feet. The ne.xt division which contains thick masses of salt and 
red marl reaches a thickness of 800 feet in places. The upper stage, con¬ 
sisting largely of gypsum and dolomite with some oil-shales, has a thickness- 
up to 200 feet. 

The Saline Series is best developed at Khewra in Eastern Salt Range 
where the lower portion shows beds of pure rock-salt which is colourless- 
to pale pink. The impure earthy bands included in the salt are locally 
called kallar. The upper portion contains numerous kallar intercalations 
and the rock-salt shows the presence of sulphates and cllorio’es of magnesium. 

Gypsum.—The gypsum in the Saline Series is generally pure, but it 
might sometimes show a gradation to limestone and dolomite. It is compact 
and massive to saccharoidal, white, grey, dark bluish grey or pink and 
sometimes even variegated. Plates of selenite are occasionally found, 
while in some cases the interior of the mass may consist of anhydrite. 
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The beds are often massive with obscure bedding or \ague contortions. 
Though the bedding is generally parallel to the surface of the underlying 
salt, it does not follow the structure of foliation of the salt. The beds and 
lenses of gypsum contain e.xcellent small doubly-terminated crystals of 
quartz as at Mari, Kalabagh, Sardi, Khussak, Katta, Saiduwali, etc. These 
crystals sometimes contain inclusions of anhvdrite from which it may be 
inferred that much of the gypsum was originall}' anhydrite or that the 
inclusions were converted into anhydrite during the crystallisation of the 
quartz. 

Salt.—The beds of rock-salt. are often massi\-e and may sometimes 
be as much as 100 feet thick. The salt is pink to white in colour in the 
Salt Range with rare greyish patches, the different beds showing different 
degrees of transparency. In some places the material is translucent or 
even almost transparent. M’here there are alternating bands of different 
colours, a stratified appearance is produced, though the bands are generally 
lenticular in shape. Irregular bedding, flow structure, contortion and 
schistosity can be seen. Individual lenses of salt are often several 
yards long. Minute folds may be seen in the salt, particularly in 
the associated la 3 ’ers of salt marl or gypsum. The foreign materials 
contained in the salt, such as quartz grains, clay and dolomite, are generally 
kneaded out and form streaks and bands elongated in the direction of the 
flow. Murray .Stuart considers that these features are similar to those 
found in gneissic rocks due to compression and thrusting. 

Stuart has also called attention to the fact that the salt in different 
parts of the Kohat and the Punjab Salt Range regions belongs to different 
stages of cr\stallisation. The Kohat salt of the Trans-Indus region shows 
the presence of calcium snljihate but not of potash or magnesium salts 
and therefore belongs to an early stage of deposition. The salt of Kalabagh 
near the Indus contains traces of potash and magnesium which become 
more pronounced at W’archa, while that of Khewra and Xurpur in the 
Eastern Salt Range contains less magnesium and more potash than the 
Warcha salt. The more common ingredients in the salt are s\’lvite (K Cl), 
kieserite (Mg SO 4 H^O) and langbeinite (K, Mga ( 504 ) 3 ). 

The rock salt is worked in a number of places along the southern face 
of the Salt Range, for example at Khewra, Warcha, Kalabagh, etc. In- 
tha Ma\o .Mines at Khewra, there are four or five beds of salt with an 
aggregate tluckness of o\ er 200 feet. 

In the Kohat region the salt is gencralK gre}’ in colour and contains 
more insoluble matter than in the Salt Range but less of other saline 
constituents. The Kohat salt is generally sheared and schistose and can 
easily be split with implements and therefore does not need much blasting 
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as the Salt Range salt does. The grey colour of the salt is probably due to 
a small amount of bituminous matter contained in it. 

According to Pinfold, there are certain differences between the strati¬ 
graphy of Kohat and Salt Range areas, though in both areas salt, gypsum 
and dolomite beds are associated. The Saline Series of Kohat is divisible 
into two stages as against the three in the Salt Range and the Kohat Series 
is considered to be of Laki to Lower Kirthar age. 

Origin of the Saline Series.—The great disturbance and complexity 
of structure seen in the Saline Series was explained by Oldham as due to the 
metamorphism of pre-existing rock by the action of acid vapours. 1 iolomite, 
limestone and shale are believed to have been attacked iiy vapours and 
solutions of sulphuric acid and hydrochloric acid, giving rise to a marl 
containing some remnants of the calcareous rocks together with the gypsum 
and common salt produced during the process. C. S. Middlemiss suggesteil 
that the salt marl and the salt were probably of the nature of a hypogene 
intrusive. E. H. Pascoe thought that the series was of sedimentary origin 
and of Tertiary age, and that its anomalous position below the Cambrian 
in the Salt Range was due to thrusting. W. A. K. Christie was of the 
opinion that the Saline Series was similar in all respects to the sedimentary 
salt beds found in other parts of the world and that the marl belonged to the 
last phase of desiccation of an inland sea basin. He also held that the well 
known plasticity of salt under pressure was responsible for the obliteration 
of the bedded character and for its acquiring lenticularity and How structure 
seen in se^'eral places. It may therefore be concluded that the Saline 
Series is of sedimentary origin and that the peculiar structures exhibited 
by the beds are the result of intense tectonic disturbances to which they 
were subjected. 

Fossils.—The salt marl and the salt have not yielded any megascopic 
fossils and it is only the limestones that have occasionally shown Num- 
mulites and other foramihifera of Eocene age. Gee reported that Eocene 
foraminifera were discovered in the Salt Marls (Rec. 66, pp. 32, 66, 117). 

In the Jaba nala area of Daud Khel, Nummulitic limestone with fossils is 
seen to pass along the strike into massive gypsum (Rtx. 69, jj. 63). 
Beds of gypsum have also been recorded as intercalated with foraminiferal 
limestones near Bahadur Khel (Rec. 65, pp. 113-114). Davies and Wadia 
<1929) found foraminifera within the gypsified nummulitic limestone in the 
gypsum-dolomite stage at Bahadur Khel. 

Carbonised remains of plants have been found in the Salt Marl of the 
upper part of the Saline Series in the Dondot and Khewra scarps (Rec. 66, 
p. 117). Similar plant fragments were also found in the shale band inter¬ 
calated with gypsum beds in the Nilawan and in the scarp north of Dhak. 
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B. Sahni and his associates have carefully examined the various 
members of the Saline Series for their micro-fossils. They state that they 
obtained the samples of materials to be tested from mine workings and 
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borehole cores and took every care to assure that there was no contami¬ 
nation from extraneous sources. All the samples of marl, rock-salt, 
gypsum, dolomite and even bituminous shale were found to contain micro¬ 
fossils which consisted of shreds of angiospermous wood, gymnosperm 
tracheids, grass-like cuticles and chitinous parts of insects. In their opinion 
these micro-fossils could not be assigned an age as early as Cambrian. 
Fo.x has advocated the view that these plant fragments could have been 
carried down into the strata of the Saline Series by percolating waters and 
could have been incorporated from exposed materials during the movement 
of salt along fault planes. It is, however, difficult to imagine such solutions 
penetrating into beds lying at a depth of several hundred feet, now en¬ 
countered in fresh mine openings or drill-hole cores. 

Age of the Saline Series.—The age of the Saline Series of the Salt 
Range has been a matter of controversy among Indian geologists for many 
years. The work of Wynne (1878) led him to the conclusion that in the 
eastern part of the Salt Range the Saline Series was of Cambrian age, as 
an several sections here the Saline Series underlies the Purple Sandstone.. 
Wynne also expressed the opinion that the salt in the Kohat region was of 
Eocene age. Many years later, Koken and Noetling expressed the opinion 
that the Saline Series of Salt Range was also of Eocene age and its position 
under the Cambrian succession was due to thrusting. This hypothesis was 
supported by Zuber and Holland (1914) and later by Pascoe (1920). Sev'eral 
other geologists have also made contributions to this problem and amongst 
them may be mentioned Middleniiss (1891), Murray Stuart (1919), Christie 
(1914), Pinfold (1918), Davies and Wadia (1929), Fox (1928), Anderson 
(1926), and Cotter (1933). This was the subject of two symposia held under 
the auspices of the National .Academy of Sciences and the Indian .Academy 
of Sciences in 1944 and 1945 (Published by the former in 1944 and 1946) 
in which several geologists took part. The Salt Range and Kohat areas 
were mapped by E. R. Gee of the Geological Survey of India between 1930 
and 1940 and the results of his work have appieared in several communications. 

In the Cis-Indus region the .Saline Series appears at various .stratigraphi- 
cal horizons but mostly" below the Cambrian sequence, as for instance, 
near Khewra and Khussak. Further west, in the Sakesar and Tredian 
hills, it underlies the Takhir boulder-bed or the Speckled Sandstone, and 
the Takhirs transgress on the various members of the Cambrian sequence. 
Middlemiss has observed that the junction of the Saline Series with the 
Purple Sandstone had almost always a brecciated appearance, the top of the 
marl being often full of fragments of the overlying sandstone. He stated 
that there is no interbedding between marl and Purple Sandstone and that 
the junction zone does not show a conformable passage of original deposition. 
The Salt Marl occupies the cores of folds and fle.xures in Amb, Dandot and 
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other places. In the Amb glen, the marl is found to underlie the Talchir 
boulder bed and below it are Permian strata in an inverted condition. 
At \'asnal, the inliers of the Saline Series occur below Nummulitic strata. 
It transgresses on the Nummulitic strata between Dandot and the Makrach 
valley, while near Baud Khel, the Nummulitic limestone appears to pass 
laterally into massive gypsum in one place. In other sections in this 
region red and grey marls with gypsum are overlain by Talchir conglo¬ 
merates, Gee states, however, that the gypsum deposits in this region 
belong to two different ages, namely. Eocene gypsum which is massive, 
pure and light coloured with intercalation of greenish clay shales of Laki 
age, and Cambrian gypsum which is pink coloured and contains quartz 
crystals and intercalations of red and blue marl and is generally found 
below the Talchirs, The basal Takhirs in this area are reported to be pink 
coloured, (this colour being attributed by Gee to derivation from the marl) 
and to contain boulders and pebbles of gypsum derived from the denudation 
of the Cambrian gypsum beds. 

In the Chittidil-Sakesar-Amb area, the Cambrian sequence with the 
Saline Series is repeated thrice because of faulting. The Saline Series is 
overlain by the Purple Sandstone or by Talchir conglomerates. In a 
section one mile north of Chittidil Rest House, the junction between the 
Saline Series and the Talchirs is an undisturbed sedimentary contact. 
In other sections close by, the Talchirs transgress gradually on the various 
stages on the Cambrian Section. Gee considers the sections in this area to 
represent undisturbed sedimentary sequence without any evidence of 
thrusting. He has also stated that the upper surface of the dolomite (of 
the Saline Series) gives the appearance of an eroded surface, the boulders 
and pebbles derived from which have been incorporated in the succeeding 
Talchir boulder-beds. 

In the Warcha area there are abundant evidences of thrusting, though 
there is a difference of opinion about the magnitude of the thrust. In the 
tunnel at the southern end of the Warcha salt mine, the rock-salt, gypsum 
and dolomite occur intimately associated with Recent gravels. In several 
places in the Khewra area the junction of the Saline Series with the over- 
lying Purple Sandstone is clearly a disturbed one. At the eastern end, 
at Jalalpur, the Saline Series is thrust over steeply dipping Middle and 
Upper Siwalik beds which have been reversed, and the Siwaliks below the 
thrust show evidences of brecciation. In the Kallar Kahar area on the 
plateau, the Saline Series is overlain by Laki Limestone, but this is inter¬ 
preted by Gee as due to the intrusion of salt marl into this position. 

In the sections studied by Wadia (1944 Symposium) near Jogi Tilla 
and Diljaba, Eocene beds are found thrust over by Cambrian rocks. Though 
no salt marl is now e.xposed, evidence of its presence underneath is furnished 
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by the saline springs issuing from fault contacts with Nummuhtic rocks 
at various places in the neighbourhood. 

According to Pinfold, there is a general consensus of opinion that the 
Kohat salt is of Eocene age (Upper Laki to Lower Kirthar), as it is very 
closely associated with the Lower Chharat beds. The Chharat and 
associated beds gradually thin down and disappear when followed towards 
the southern part of the Potwar basin. The Lower Chharats contain im¬ 
portant fossiliferous freshwater limestones which are absent in the Salt 
Range, and there are also differences in the nature and character of the 
salt of the Kohat and Salt Range areas. The Salt Range salt could not be 
of Eocene age in his opinion, because it has not been proved that thrusting 
has taken place on a large scale and the protagonists of the thrust hvpo- 
thesis have not indicated the boundaries of the supposed nappe, nor where 
the roots of the nappe are. 

Against this, however, is that fact that the rocks of the Potwar region 
have undoubtedly been highly disturbed and that the Salt Range it.self 
is a part of an overfold. .4t either end of the Potwar region there are the 
projecting wedges of ancient rocks, whose presence is shown by the Kashmir 
and Mianwali re-entrants, and which have been responsible for the festoon¬ 
ing of the strata in this region. Where these two wedges project, the 
strata have been held back, but in the intervening area they have been 
thrust southwards. It is not known over what distance the thrust has 
acted. It is likely that the saline beds ha\e [irovided zones along which 
the more competent beds could move. The thrusting, however, may not 
be of such magnitude as to produce large nappes with movement over a 
distance of many miles. 

In discussing this problem, Lehner (1946 Symposium, pp. 249-258) 
points out that there are saline beds of two different ages in the Tethyan 
basin of Persia, one belonging to the Cambrian and the other to the Miocene. 
According to him, the Saline Series of the Salt Range is very similar to that 
of the Hormuz Series of Cambrian age which consists of red clays with 
numerous small crystals of hematite, dolomite, gypsum and red and grey 
sandstone, variegated shales, salt pseudomorph sandstone and occasional 
Trap rocks. Trilobites were found in 1925 in the shales associated with the 
black foetid limestone. The Lower Ears Series of Miocene age consists of a 
lower group of salt, anhydrite, grey marl and limestone and upper group 
of anhydrite, red and grey marls and limestone but no salt. The Ears 
Series which is developed e.xtensively, from Bandar .^bbas to Mosul over 
an area 800 miles long and 150 miles wide, lies over the petroliferous .Asmari 
Limestone of Oligo-Miocene age and its members are folded in an extremely 
comple.x way. He is, therefore, of the opinion that there could he two 
series of saline beds of different ages, one of Cambrian age in the Punjab 
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Salt Range and the other of Eocene age in the Kohat region. He has also 
-Stated that salt-forming conditions repeatedly occurred in this region and 
that therefore salt could have been formed at different ages. 

It will, therefore, be seen that there is still much difference of opinion 
about the age of the Saline Series of the Salt Range though most geologists 
are agreed that the Kohat Saline Series is of Eocene age. That semi-arid 
conditions e.xisted in north-western India during Upper Pre-Cambrian and 
Cambrian times is evidenced by the prevalence of red sandstone in the 
Upper Vindhyan (which may be perhaps the equivalent of the Purple 
Sandstones of the Salt Range) and the presence of lenses of gypsum in 
them, e.g., in Jodhpur. It is, therefore, not improbable that deposits of 
salt, gypsum, etc., were formed in a desiccating basin during the Cambrian, 
but a clear decision on the age of the Saline Series in the Salt Range is 
difficult until more precise data become available. 

PURPLE SANDSTONE 

The Salt Marl is generally overlain in many places in the Eastern 
Salt Range by the Purple Sandstones. These are massive fine te.Ktured 
sandstones having buff, dull red and maroon colours. Sometimes they are 
flaggy and can be split into rather thick slabs, particularly near the basal 
portion of the formation. The sandstones are up to 450 feet thick in the 
east and 200 feet thick in the west. They show current-bedding, ripple- 
marks and other evidences of deposition in shallow waters in a rather arid 
climate. The lower beds are sometimes shaly and occasionally flaggy. 
The Purple Sandstones are entirely unfossiliferous and can be traced as far 
west as Chidru where they are overlapped by younger beds., They have a 
resemblance to the Bhander or Rewa Sandstones of the Vindhyan System 
with which they may be homotaxial. There is no gradual passage of the 
Salt Marl into the Purple Sandstones and there is no inter-bedding of the 
two. 


The junction zone shows a mixture of the two types of rocks, but as 
discussed by Middlemiss (Rec. 24, 1891), the material of this zone is of the 
nature of a breccia as it contains fragments of the sandstone in the marl. 
The sandstone generally appears to be rather shattered ; first the layers 
adjoining the marl continue to keep their position parallel to the bedding, 
but are partly detached ; further away the fragments of the sandstone 
become smaller and more and more turned in all directions. The fragments 
are angular and are surrounded by a matrix of the saline marl. 

In the eastern part of the Salt Range, up to about Musakhel, the Salt 
Marl is directly overlain by Purple Sandstone. Further west, in the middle 
part of the Range, as also in the outcrops inside the range and in the Tredian 



ix; THE PALAEOZOIC GKOUP — CAMBRIAN TO CARBONIFEROUS 225 

hills, the l^iirple Sandstones are absent and the Saline Series is directlv 
overlain by lalchir conglomerates. In many places there is a general 
discordance betweem Saline Series and the Purple Sandstones, but in a fen- 
localities no particular disturbance or discordance i.s visible. 


NEOBOLUS BEDS 

Ihe Purjile Sandstones are overlain by dark greenish and purplish 
-shales containing intercalations of dolomite, this stage being called the 
Neobolus Beds from the fact of their containing the primiti\'e brachiopod 
Neobolus (N. warthi, N. loyunei, etc.). They are 20 to 200 feet thick and 
are particularly nell exposed in the Khusak hill not far from Khewra. 
Other fossils in these shales are :—• 

rKn.(jBiTES ; Ptvchoparui ric/neyt, P. <akesarenst^, PnUichia nncllini’t. 

Chifhdiltia planu, Coiwcep/iiiliis warihi. 

BRicHiornns : I.iHgitla warthi, Lingulella wunnifcki, MohetfUii ^yanulata, 
Discinnh'pn Orllits warthi. 

PrEROi’oi) ; Hyolillies ty'yntiri. 

The fossil assemblage indicates a Middle Cambrian age, mainh' the lower 
part thereof. 


M.\GNESr.4N S.4NDSTONES 

The succeeding ilagnesian Sandstones arc prominently displayed in 
the scarps of the Eastern Salt Range. They are mainly cream coloured 
massive dolomitic sandstones or arenaceous dolomites and flags, sometimes 
showing fine lamination, but include also thin shale bands of green to dark 
colour. They are 250 feet thick in the east, diminishing to 80 feet in the 
west. They show fucoid and annelid markings and contain the Cambrian 
ga.stropod named Stenotlieca. 

S.4LT PSEUDOMORPH SH.M.ES 

Succeeding the Magnesian Sandstones conformably, there an- bright 
red to variegated shales with laminated sandstone layers. The thickness 
is up to 350 feet. The shales contain cubic ps(‘udomor])hs nr casts which 
represent replacement of salt crystals by clay on the shore.s of an enclosed 
marine basin which was drying up. The crj-stalhne form of the salt crystals 
is shared In- both the upper and low’or surfaces of each bedding plane. 
Excellent section of this zone may be seen near Pidh, Damlot, Nilawan 
ravine, etc. 

Parts of the Cambrian succession are seen also in the Mari-lndus and 
Kalabagh area where the Salt Marl occurs with gvpsum. Thi- southern 
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part of the Khasor Range, especially a little to the north-west of Saiduwali 
in Dera fsmail Khan district, shows a thick sequence (400 feet) consisting 
of Ihirple Sandstone, flaggy dolomite, bituminous shale, greenish grey shale 
and massive white to pink gv'psum. It is not known how much of this is 
Cambrian and how much post-Cambrian, but at least the lower part is 
presumably Cambrian. 


KASHMIR 

Palaeozoic rocks are exposed on the northern flanks of the anticlines 
trending in a N.W.-S.E. direction from beyond Hundawar in the north¬ 
west of the Kashmir valley to the Lidar v'alley. Good sections are seen in 
the Lidar vallej', in the Basmai anticline in the Sind valley, in the Vihi 
district and in the Shamsh Abari syncline on the border of the Kashmir 
valley. 

The Cambrian succession is best seen in the Hundawar area where 
the Dogra Slates are conformably succeeded by clay slates, greywackes 
and quartzites containing annelid tracks and some badly preserved organic 
remains which may be of Lower Camirrian age. They pass upwards into 
thick-bedded blue clays, arenaceous clays and thin-bedded fossiliferoiis 
limestones. The fauna is particularly rich in trilobites : 

Trilobites; j^gunstus sp , Cotiocoryphi- frangtengensis, Touhinelhi hashmirica, 
Microdiscus sp., Anomocarc hunduarcnsis, Solenopleura lydekheyi. 

Br.\chiopods; Acrolhele aff. Suhsidus, Obolits kashnnricits, LingxilcUa sp., Jioi^fordia 
cf. cocluta. 

Also the Pteropod HyoUthes and the cystid Eucystites. 

Cowper Reed who has described the fauna {Pal. Ind. N.S. XXf, Mem. 2 
1934) states that it is largeh' endemic and that it has affinities with the 
Cambrian fauna of Indo-China, Northern Iran and North America rather 
than with that of Spiti or the Salt Range. 

In the Sind A'alley, Mhi and Banihal areas, the Cambrian is either 
absent or is represented bj’ disturbed and foliated shales and slates without 
identifiable fossils. 


Tethys Himalayan Zone 
SPITI 

Haimanta System.—Beyond the crj’stalline axis of the Himalayas, 
in the Spiti r alley and the neighbouring region, there is e.xposed a great 
synclinal basin with X.W.-S.E. axis containing a full succession of strata 
from the Pre-Cambrian to the Cretaceous. The strata which overlie 
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the Pre-rambriaa \'aikrita System here have been called the Haimanta 
System. The hlaimantas have been shown by Hayden to include some 
unfossiliferons strata as well as fossiliferons Cambrians, and divided intt> 
three main divisions : 


'’l.'^l>per—Grey and green micaceoub quartzites, 
thin slates, shales and light grey 
dolomites 


FEET 


i.2oa 


Haimanta System 


I Middle—Bright, red and black shales with 
some quartzites 


LOGO 


Lower—Dark slates and quartzites (highly 
folded) which probably include 
some pre-Cambnan ... ... 2.000—3,000 


The beds are particularly well e.xposed in the valley of the Parahio 
river, a tributary of the Spiti river. The lower and middle divisions are 
unfossiliferous but the upper division contains Middle and Upper Cambrian 
fossils. Hayden was of the opinion that all the three divisions should be 
included in the Cambrian. 


19. 

18. 

17. 

16 . 

15. 

14. 

♦13. 

12 . 

• 11 . 

10 . 

♦9. 

8 . 

♦7. 

* 6 . 

5. 

♦4. 

3. 

• 2 . 

• 1 . 


Tabi.t. 25—Parahio River Section of Upper H.iimantas 


I.llhologtctll IDUls 


Thicknesi 
tn feet 


Conglomerate ... ... ... ... ... .. .— 

Quartzites and siliceous shales ... ... ... . . 50 

Grey dolomite weathering brownish red ... ... .. 20 

Flaggy sandstone, quartzite and siliceous slate ... ... ... 40 

Grey dolomite weathering brownish red ... ... ... 30 

Siliceous slates with grey quartzite bands and thin beds of pinlc 
dolomite ... ... ... ... ... 250 

Dark siliceous slates with fragmentary fossils ... ... ... 10 

Siliceous slates and flaggy quartzites ... ... ... 30 

Siliceous and argillaceous slates with trilobites ... ... 6 

Grey slaty quartzite capped by thin dolomite ... ... 50 

Slates, siliceous above and argillaceous below, with trilobites ... 30 

Dark grey quartzite ... ... ... ... ... 60 

Pink bhaly dolomitic limestone, with trilobites ... ... 12 

Calcareous quartzite with Lingiilella and trilobites, underlain by 
a narrow band of limestone and slates with trilobites ... 10 

(Trey micaceous quartzite with thin bands of mica-schists ... 150 

Slates alternating with narrow bands of limestone, with Lingitlella 
and trilobit(‘b ... ... ... ... ... ... I0 

Slate, chiefly siliceous, and quartzite ... ... ... ]50 

Dark slate ^wlh trilobites ... ... ... ... 30 

Kcd and green slaty quartzite with fossils in the uppermost beds ... 250 


1.188 


Fossils are found only in the zones marked with an asterisk. The 
fauna is rich in trilobites of which Oryctocephalns and Plvchoparia are 
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particularly well represented. Most of the trilobite species are not known 
elsewhere, but there is a good resemblance to the fauna of western N. 
America though not to that of Europe. The fossiliferous beds range in 
age from Middle to Upper Cambrian and the fossils include : 

Trilobites ... ... Agnostus spitiensis, Microdiscus grieihaihi, Redlichim 

noetlmgi, Oryclocephulus salteri, Piychoparta spititnsis, 
P. stracheyi, P. consocialis, Coiocrphalites niemor, 
Anomocare conjunctiva, Glenns haimantensis 

Brachiopod.s ... ... Ntsusia depsaensts, Linguletla haimantensis, L. 

spitien.sis, Acrotreta parahioensis, Obolella cf. 
crassa, Acrotheic praestans 

Echinoderm.s ... ... Eocystitis isp. Pteropod: Hyolitke^ 

KUMAON 

Garbyang Series.—The Haimantas are represented in the region 
north of Kulu and in Lahaul and also in the Kumaou Himalayas. In 
Kumaon their equivalents are the Garbyang Series, named by Heim and 
Gansser after the I'illage of that name in the Kali valley. They are exposed 
over a long distance from east of the region of the Nampa peaks to Nanda 
Devi and bej’ond. They consist generally of slaty to phyllitic, fine grained, 
calcareous sandstone and argillaceous dolomite, the latter containing 
green chloritic bands and weathering to a brown colour. The chloritic 
bands are probabh' ]iartly metamorphosed basic tuff. The Garbyang 
Series is found to be thickest in the Kali section where it attains 
nearly 5,000 metres but is reduced to barely 1,500 metres in the Gori valley 
abo\ e Milam. That it is of Cambrian age is proved by the occurrence of badly 
preserved and flattened gastropod shells in the sericitic calcareous phyllites 
and by the presence of crinoidal limestone in the middle part in the Dhauli 
valley. The first calcareous sandstone bed above the Garbyang Series has 
furnished undoubted Ordovician fossils. Hence the whole of the Garbyang 
Series is taken to be of Cambrian age. 

BURMA 

No fossiliferous Cambrian rocks have so far been discovered in Burma, 
but part of the Chaung Magyis of the Shan States, the Mergui Series of 
Mergui and also some volcanic rocks may probably belong to this age. 

THE B.AWDWIX ^■OLCANICS 

In the neighbourhood of Bawdwin (23° 6' : 97° 18') in the Tawng- 
peng State near the China border, the Chaung Magj-is are overlain by the 
Pangyun beds, consisting of quartzites, grits, sandstones and shales and 
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some rhyolitic grits. These grade perfectly into the Bawdwin volcanic 
series and ha\-e a general N.W.-S.E. strike. They are composed domi¬ 
nantly of tuffs and subordinate rhyolites containing clear grains of quartz 


PLATE I 

CAMBRIAN FOSSILS 



32 33 3.4 35 


E.xplanatiox of Plate I 

1. Conocephalites warthi (head shield) (2). 2. Hyohthcs wynnei (b, transverse section) 
(ijl). 3. Orlhis warthi (3/2). 4. Lakhmina hnguloides (2). 5, 6. Neobolus 
warthi (2). 7. Neobolus wynnei (2). 8. Shiznphohs ritgosa (4). 9. Discinolepis 
granulata (3). 10. Lingula warthi (2). II. Oboltis kashmirtcus {Ijl). 12. Bots- 

fordia cl. coelata (3/2). 13. Conocoryphe sejuncta (1/2). 14. Conocoryphe frang- 
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and having a brown or chocolate colour. They are seen to have suffered 
much crushing and at the surface are soft and light grey owing to decom¬ 
position. The rhyolites and tuffs arc probably the effusive phase of the 
Tawngpeng granite which is e.xposed at a distance of five miles west of the 
volcanics. 

The Bawdwin lead-zinc-silver ore-body occupies a prominent fault 
and shear zone (the Bawdwin fault) which is over 8,000 feet long and 500 feet 
wide in which the tuffs and rhyolites have been replaced by Pb-Zn-.\g 
ore. All gradations can be found from solid ore through partly replaced 
tuffs to unreplaced volcanic rocks. The ore is mainly a fine grained mi.xture 
of argentiferous galena and sphalerite with some chalcopyrite, often showing 
signs of considerable crushing. The ore-body is lens-shaped and about 3,000 
feet long and of varying width. It is cut up by two faults, the Yunnan 
fault in the north and the Hsenwi fault in the south, into three sections ; 
the northern section, called the Shan lode has an average width of 20 feet ; 
the central section, the Chinaman lode has an average width of 50 feet 
but is in places 140 feet ; the southern section, called the Meingtha lode 
is 20 feet wide. The ore-body as a whole strikes N.N.W. and dips towards 
the west, with a northerly pitch. The hanging wall is well defined while 
the foot-wall is often indefinite and grades into the country rock. The core 
of the ore-body is a solid mass of ore, while the margins contain increasing 
proportions of country rock. There are also some subsidiary lodes in the 
neighbourhood which are called the Chin, Burma and Kachin lodes. 

The Shan lode contains rather high silver, low zinc and some copper 
in the higher levels. The zinc and lead increase in the lower levels. The 
original ore reserves were estimated at over 20 million tons. 

The Chinaman lode contains about 20 per cent, zinc at the higher 
levels, this decreasing to 9 per cent, at the bottom. Lead is more or less 
steady at about 25 per cent., but the silver content decreases from 31 oz. 
(to the ton) in the upper levels to 14 oz. in the lower levels. 

The Meingtha lode is similar to the Chinaman lode in the uppe.r levels, 
but with lower Pb-Zn and higher copper. In the lower levels it is high in 
copper with little Pb-Zn, but containing some nickel aiul cobalt. The 

tCHgensis (1/2). 15. Hunda'arella perwnata (2/3) 16- Tonhinella kashminca 

(cranidium) (2/3). 17. Uo. (pygidinm) (23). 18 Inumocare hundwarense (1/3.) 

19. Ptychoparia dadapurensis (2l3). 20. Mobeigia granulaia (2/3). 21. Uofferia 

{liedhchia) noetlingi (2/3). 22. Ptychoparia richtcri (2/3). 23. Ltugidella wanmecki 

(6). 24. Pseudotheca waageni (3,'2). 25. .\dicrodiicns gnesbachi (head shield) 

(6). 26. Do. (pys'dium) (6). 27. Annmocare conjunctiva {2). 28 Lingula haimantensis 
(3) 29. Oiyctocephalus salteri (4). 30. Ki^usia depsneiisis (3). 31. Acrnlreta 
parahioetiiis (4). 32 Acrotiiele praestans (3). 33 Olenu’i hiiinuiiilen.ni (2) 34- 

Ptychoparia maopciiii', (2). 35 P- itracheyi (2). 
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original reserves in the Chinaman lode were about 7 million tons and in the 
Meingtha lode about 1-6 million tons. The average ores of the different 
lodes had the following assay values ; 



Sliver 

oz.'ton 

f.cad 
per cent. 

Zinc 

1 per cent. 

Copper 
per c<‘nt. 

Shan loJe 

17-8 

21-5 

10-7 ; 

2-09 

Chinaman lode 

,.j 21-1 

25 0 

16-1 1 

0-40 

Meingtha lode 

.; 130 

15-2 

9-0 i 

1-97 

General average 

19*1 i 

1 . 

22-7 ; 

13-8 ! 

1 

105 

The ore reserves in the mines at the beginning of 1940 were about 
3-5 million tons, the annual production being around 400,000 to 500,000 
tons. 

The minerals identified in the ores by Dr. J. 
arsenopyrite, lollingite, gersdorffite, sphalerite. 

A. Dunn are 
chalcopyrite. 

: pyrite, 
cubanite. 


tetrahedrite, galena, bournonite, boulangerite, pyrargyrite, ankerite, calcite, 
quartz and sericite. The ore assemblage points to mesothermal conditions 
of deposition. In the oxidation zone were found anglesite, cerussite, 
pryromorphite, calamine, malachite, aziirite, massicot, goslarite and broch- 
antite. The mineralisation is probably connected with the Tawngpeng 
granite and is accompanied by widespread silicification and sericitisation 
of the country rock. 

The Tawngpeng granite is the plutonic equivalent of the Bawdwin 
volcanics. It is found in the State of the same name and also in the Mong 
Tung State in South Hsenwi. It is a biotitc-granite containing no tour¬ 
maline. Of about the same age are the siliceous tuffs containing angular 
quartz fragments in a fine-grained chloritic groundmass, which occur near 
the Lagwe Pass on the Burma-China frontier. 

Man}' of the islands of the Mergui .Archipelago show granite, porphyry, 
rhyolite and agglomerate. The jiroducts of this volcanism have been 
deposited with the sediments of the Mergui Series. There are also some 

J. C, Bro«n : Cicology and ore deposits of Ba«d\vin mines. Jiec. 4S, 121-178, 

1917. 

A. B. Colqiihoim ; Trans Amcr. Inst. Alin. Eng., 69,-211, 1923. 

M. H. Lowman : Op at. JC, 181,1917. 

A. B. Colquhoun : Mining Mag. 44, 329-333 ; 45. 23-26. June and July, 1931. 

J. A. Dunn : A microscopic study of the Bawdwin ores, Rec. 72, 333-359, 1937. 

E. L. G. Clegg : A note on the B.awdwin mines, Burma. Rec. 75, paper 13, 1941. 
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felsites and amphibolised basic rocks which are intrusive into the Merguis 
and may be semi-contemporaneous with them. 


The Ordovician and Silurian Systems 

S P I T I 

As already remarked, the Spiti area shows a full succession of Palaeozoic 
rocks. The Cambrian formations described already are ov^erlaid by a thick 
series of shallow water deposits consisting of conglomerates, quartzites and 
grits and these in turn by shales and limestones, this whole succession being 
referable to the Ordovician and Silurian. The lower, arenaceous part is 
about 1,500 feet thick while the upper calcareous and argillaceous strata 
have a thickness of 500 to 600 feet. 


Table 26— Lower Palaeozoic Succession in Spiti 


Upper Silurian 


Mutli Quartzite 


Silurian 


8. Urey siliceous limestone weathering red ... 

Feet 

80 

Ordiivician 


7. Grey limestones, weathering brown, with 
hrown and red marls 

6. Grey coral limestone 

5. -Sh.iiv limestone with brachiopods, gastro¬ 
pods and corals 

4. Haul grey doloinitic limestone ... 

3. Hark grew limestone with cvstids 

70 

50 

30 

40 

40 

- 

2. Dark foetid limestone with trilobites and 
, brachiopods 

, I. Slialy and sandstone with plants 

! and Orthis 

i 0- Fla}.;gy quartzites and siliceous shales 
j passing down into red quartzites \Mth 

conglomerates at base {unfossiliferous} 

1 

200 

150 

1,500 

Upper (and partly 

Middle) 



Cambrian 


Shales, slatt‘s, (piartzitcs, etc 

1,200 

Lower Cambrian 


Kcd and bl.ick slates and cjuartzitf's 

1,000 


_j 

i 

1 

Dark slates and quartzit' s 

2,000— 

3,000 


Practically all the beds in the above succession contain fossils. Bed 
No. 2 is particularly rich in trilobites and brachiopods and is referable to 
Caradocian age. The beds above it contain cystids and brachiojiods which 
indicate a transition from Ordovician to bilurian. The siliceous limestone 
(Bed No. 8) below the unfossiliferous 5Iuth Quartzite shows Favosites, 
Pentamenis, and other fossils on weathereil surfaces and is of early Wenlock 
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age, the Upper Silurian being part of the Muth Quartzite. The fossils in 
the two systems are mentioned below :— 


ORDOVICIAN FOSSILS 


Trilobites 


Brachiopods 


Lamellibranchs and 
Gastropods 

Cephalopods 

Bryozoa 

Actinozoa 

Pteropods 

SILURIAN FOSSILS 
Trilobites 
Brachiopods 


Lamellibranchs 

Gastropods 

Cephalopods 

Actinozoa 


Asaf>hus emodi var. milamcnsis, lllaenus brachio- 
niscus, I. pitnriidosus, Calvniene nivalis, Cheiyuvus 
mills 

Orlhis (Dinoyfhis) Huikil, Dalmanella testiulinavia, 
Leptaena rhomboidalis, L. trachcahs, Strophomena 
chamerops, Repiiesqtiina umbrella, R. aranea, R. 
muthensis, Plectamboniies himalensis, Christiania nux 
Pterinea Ihananieytsis, Lophospira himalensis, L. 

pagoda, Hcllcrophou ganesa, Conradella aff. obliqiia. 
Ovthoceras kemas, Cyrtoceras ccntrifiigum, Gonioceras 
cl. anceps 

Plilopora, Phylloporina, Ptilodactya 

Strcptelasma aff. cornicnlum, Heholiies depauparata 

Teniacuhtes 


Encrniurus art. pimctutiis, Calyniene sp. 

Orlhis (Pleclorlhis) spitiensis, Valmanella basalts, 
Orlhis calligramma, Leptaena rhomboidalis, Orthotetes 
aff. pecten, Peyitamerus obloiigus 
Palaeoneilo cf. victoriae 
Euomphalus cf. triquetriis 
Orthoccras cf. unnulatum 

Liyulstroemia sp., Zaphrentis sp., Propora himalaica, 
Faposites spitiensis, Ha/ystles luallichi, H. catenularia 
var. kaiiaureyisis 


In the Ordovician, the brachiopods are abundant and trilobites com¬ 
paratively much less common and mollusca rare. The Silurian fauna is 
rich in corals with remarkable North .American affinities. Though the 
faunas of the two sj^stems have local characters, they show much more 
affinity to those of North America than Northern Europe. 


NORTHERN KUMAON 

Ordovician. —In Northern Kumaon the Ordovician is represented by 
the Shiala Series which occurs between the Garbyang Series and the charac¬ 
teristic red shales of the Silurian. In the Shiala Pass near Kuti, it consists 
of 400 to 500 metres of shales intercalated with grey and greenish marly 
limestone sometimes containing breccia of crinoidal fragments. From near 
the top of the division, Heim and Gansser collected well preserv'ed and 
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characteristic Ordovician fossils which include Calymene cf. douvillei. 
Orthis thakil, Orthotetes pecten, 0. Orbignyi, Rafinesquina aif. subdeltoidea. 
Leptaena sphaerica, (very abundant) Sowerbyella umbrella, etc. 

Silurian. —-This System is represented by the Variegated Series which 
is the same as the Red Crinoidal Limestone of Griesbach. This consists of 
a repetition of limestones and marls and siliceous shales of varied colours 
from top to bottom, red colour being dominant and conspicuous from a 
distance. In the Shiala Pass this consists of 200 to 300 metres of red, 
grey and green shales with layers of white limestones, capped by brown¬ 
weathering dolomite and 500 to 600 metres of shaly lenticular limestone 
with fragments of crinoids. Further east at Gunji, this system is reduced 
to less than 50 metres of violet coloured sandy shales which overlie the 
Garbyang Series with a disconformity. East of the Kali valley, in Nepal, 
the thickness is only 100 metres or so. It is also known to be found in the 
Zanskar Range to the north-west and is apparently repeated by folding 
and thrusting further to the north. Because of its shaly nature, it has 
been intensely folded in the sections exposed in the Zanskar Range. The 
Variegated Series is considered to be mostly of Silurian age. 

KASHMIR 

Ordovician. —^The Ordovician is present in parts of Kashmir though 
the exposures have not yielded good fossils. In the Lidar valley it may 
underlie the fossiliferous Silurian exposed along the flanks of an anticline in 
which a complete Silurian toTriassic succession is found. A similar anticline 
is found also in the Basmai area in the Sind valley. At Trehgam and its 
neighbourhood, on the northern limit of the Shamsh Abari syncline, there 
are gre 3 rsvackes, slates, and limestones which contain some crushed and 
fragmentary fossils, including Orthis cf. calligramma and some crinoid stems. 

Silurian. —The Lidar valley fold near Eishmakam clearly exposes 
Silurian rocks, composed of arenaceous shales and impure limestones. The 
fossils include orthids, strophomenids, corals and fragmentary crinoids, which 
indicate a Silurian age. The Shamsh Abari syncline also contains fossili¬ 
ferous Silurian slates and gre 3 'wackes but the fossils are mostly crushed and 
obliterated. Elsewhere in Kashmir, the Cambrian strata are overlain by 
the Muth Quartzites of Upper Silurian to Devonian age, or by the .\gglo- 
meratic Slates or Panjal Trap of Middle Carboniferous or later age. 

SALT RANGE, HAZARA AND BALUCHISTAN 

There is a stratigraphic gap in these regions from the Cambrian to 
the Upper Carboniferous, the latter being represented by glacial boulder 
beds. 
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BURMA 

The Shan States of Burma contain well developed Ordovician and 
Silurian Systems. The Tawngpeng System (Pre-Cambrian to early Cam¬ 
brian) is overlaid by sandstones, shales and limestones which are sub¬ 
divided as shown below :— 

Xyaungbaw Limestone 
Hwe-Maung Purple Shales 
Upper Naungkangyi Stage 
Lower Naungkangyi Stage 
Xgwetaung Sandstone 

Of these the middle three divisions ai'c well developed, the other two 
being local. 

The Lower Naungkangyi Stage. —This is seen in a series of e.Kposurcs 
on the Shan Plateau and consists of marls and limestones. Good sections 
are to be observed in the Gokteik gorge and in the valley of the Xam 
Pangyum. Amongst the fossils of this stage are :— 

Brachiopods ... ... Orlhis tvravadica, O. Subcrateroules, Leptaena ledeten- 

sis, Rafinesquitia imbrex, R, suhdeltsidea, Schisctreta, 
riectarnboHites qiiiitquecoslala 

Trilobites ... ... Calymene binnanua, Cheinirui dravidicus, Asaphus, 

Phacups 

Cystids and Crinoids ... Artistocyshs dagon, and several species of Helto- 

crinus and Caryocrinus 

Bryozoa ... ... ... Diploirypa sedai-emts, Phylloporina orientalis 

The fossil assemblage shows affinities with that of the Lower Ordovician 
of the Baltic region of Europe, and very little with that of Spiti in which 
the important elements are trilobites and cystids. 

The Upper Naungkangyi Stage. —This has a wide distribution in 
the Shan States and shows two facies—a shaly facies west of Lashio and 
a calcareous shaly one east of the same place. The western outcrops are 
about 1,000 ft. thick and .show evidences of crushing and compression. 
The chief fossil organisms in them arc :— 

Brachiopods ... ... Lnigitla cf. aittiinaUi, Dalmanella tcdudinaria var. 

xhanensis, OrtUis caUigramma, Strophomena sp., Rap- 
ne~,qHiHa subdilhndca, Poraniboiiiles simiatus, Plectam- 
bunites sericea 

Trilobites . ... Agnoslus cf. gluhratus, Calymene birmanica, Illaenus 

liluensis, Cheirurus siibmilis, Phacops dagon, Pliomera 
insangen-iis 

Crinoids ... ... ... Ilehocnnits, Caryocrinits 

Bryozoa ... ... ... Diploirypa palinensie, PhvUoporina, Ceramopora 
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LXPL^N \ ri'tN OF UL\fF II 


. / 7 /a n/2) 2. Orlhis inalmnndla) emanapahi l3/2). 

1. yeosinella conyiata ^2) S Tonkmclla Kashn-.rica 

'I n (2). 4. Anonioctiie hundt*}arense wi^) - . o r 

* r r j i■' 7 OyiJiis fiiayhiiit^wusis (Z)- 8. 

(2). 6. Conocoryphe frangtengensi^ (3/2;. • ^ 7 ,.,., oi ii 

(5/2). 9. I2;3). la ' /il™/; 

(2). 12. Tentaouliies ele.ans (2). 13. 14 7J ^ 

^Ptery,o,netopus) ^a,on (2). 16. "J j ' 2a Can- 

--- (1/3). 

7a7a'*mp IT. Rafilesquina intb.cx (2/3). 24. ../.'adp-v' !2/3! 25.1avta 
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The purple calcareous shales in the eastern area are also rouf(hl\' of 
the same age as the Upper Xaungkangyis as evidenced by their fossil 
content. 

Brachiopods ... .. DalmavcUa sp., Plecfa}>ihonitc< sericfa, Orthis tcstudi. 

naria, O. subcrateroidt"^ 

Nyaungbaw Limestone, —These limestones overlie the Xaungkangyis 
and contain Camarocrinus asiaticiis and other fossils which indicate that 
they are also Ordovician in age. 

SOUTHERN SHAN STATES 

The Ordovician is developed also in the .Southern Shan States where 
it is represented by the Mawson Series. Orthoceras Beds and Pindaya Beds. 

Mawson Series.— In the eastern part of the Mawson highland and 
further south, there are calcareous shales and limestones containing Ortho¬ 
ceras, Actinoceras, Oxygitcs, Pliomcra, Orthis, Cyriolites, Helicoioma, etc. 
These beds are of Ordovician age and contain the lead deposits of Mawson 
described by Dr. J. Coggin Broun (AVc. G.S.L., LXV, 394-433, 1930). 

Orthoceras Beds and Pindaya Beds. —-On the western limb of the 
Mawson anticline, there occur jiurple argillaceous limestones and .shales 
containing crinoid steins and sjiecies of Orthoceras, Diplograptus and Mono- 
grapius. The Orthoceras Reds are definitely of Middle Ordovician age 
and their equivalents are known in Yunnan, South Manchuria and in the 
Baltic region. 

Bands of calcareous shales, slates and thin limestones occur in the 
Pindaya Range, bordered by Permo-Carboniferous limestones. The enclosed 
fauna ha.s close relationships with that of the Xaungkangyi Beds, and 
includes cystids, trilobites, brachiopods, etc., among which may be 
mentioned ; 

Oilhi.^ cf irriii-adica, J'tvcl'i'glyplus VeosineUu consiguata, Christiania 

cl tennicinchi. Rhinuhclyn cf niUdiila , Fai'a<iites ; Carvocnnits , Illaenn^ ; 
Dic/yoidma 

Several of the fossils are in ,i bad state of preservAtiou. The Silurian 
of Burma has the following sub-divi.sions • 

/obin^yi BetN 

Namsluiu SaiHl-sttnioN and Marls 
Pangsha-pye CVraptoUto Beds 

reticularis (2/3) 26 Ptevinca kongksacnsis (1/3). 27. Triplccia uncata (2/3). 28. 

Pafnesqv.ina unihiella (2/3)- 29 Leptaena tracheaUs (2). 30. Plectanihomics himalensis 

(3,2]- 31. Pteriuea thaiiawcnsis (2/3). 32. Liospira cmodi (2). 33. Calyinene nivalis 

(2). 34 Orthis {ValmiOiella) basalts f3/2) 35- Halysifes walhchi (2/3). 36- Favosite^ 

spiiiensis (2/3]. 
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The Graptolitc Beds are found near Hsipaw and other places in the 
Nam-tu valley and in the Loi-lcm range east of Lashio, overlying the upper 
Naungkangyis. Just beneath the Graptolite-bearing bands there is a bed 
containing trilobites. The Graptolite Beds are composed of white shales 
of about 50 feet thickness, containing abundant graptolites and other 
fossils indicating a Llandovery age ; 

'Graptolites ... Diplograptus mode‘itu^, D. vesiculous, Clnnucngrapius 

medius, C. tornqitisii, C. recUingiUaris, Monogyaptus 
c<mci} 2 inis, M. gyegayius, tenuis, Uastrites pere- 
grinus, Cyriogvapius sp. 

Bracluopods ... ... Dabnanella flegantula. Dalmanella manuiyt, SfyopheO' 

douta mcmahoni, S. feddeni 

Trilobites ... ... Phacops {Dalmanites) hastingsi, Acidaspis shunensi'i 

Ostracods ... ... Beyyichia sp. 

The Namshim [Namhsim] Beds, of the same age as the Wcnlock beds 
of England, contain two divisions, the lower consisting of sandstones of 
varying degrees of coarseness and containing several trilobites and braclno- 
pods. The former include Calymene blumenbachi, Encnntirtis koiighsacnsis, 
Cheirurus cf, bimucronatus, Phacops {Dalmanites) longicaudatus, etc. The 
upper Namshim stage is marly in composition and sometimes rests directly 
on the Naungkangyis. These marls contain a rich fauna ; 

Bryozoa ... ... ... Fenestella sp. 

Trilobites ... ... Encnnttyus konghsaensis, Calymene blumenbacht. [Cheir- 

iirus bimucronalHs) 

Bracluopods ... ... Lingula lewist, Orllns ynMoa,Or(ln<i hilaba, Oalmanella 

elegantula, Leplacna rlwmboidalis, Xlrophomcna 
corrugata, Pentamerus cf. oblongus, .itrypa reticularis 

The Zebingyi Stage comprises limestones and shales containing numerous 
fossils which show affinities to Upper Silurian and Lower Devonian of 
Europe, especially of the Mediterranean region. On the whole, the Devo¬ 
nian affinities are strong. 

■Graptolites ... ... Monngrafytiis dulniis a.nd ntha 

Trilobites ... ... Phacups [Dalmanilt’:.) .sfeiiiltoci. P. ^huncnsis 

Bracluopods ... ... Alrypa iiuirgiiialis, .4. subsl'ibuluris, Strnpheodoiila 

cmnitans, Meriama sji. 

Cephalopods ... ... Orlhoceras all. commututum aivl oilu-r species 

Also abundant Tenlaculites (Pteropod) and several laracUibranchs 

The Burmese Silurian has strong affinities with the Silurian of Northern 
Europe and England and is quite unlike the Himalayan strata of the same 
age. The Burmese fauna is rich in graptolites which appear to be absent 
from the Himalaya, while the corals which are common in the latter are 
scarce in the former. The connection of the Himalayan f.iun.i with the 
American on the one hand, and the close affinities of the Burmese fauna 
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with the Baltic on the other, would show that etfecti\'e barriers existed 
between the two fjroiips in Lower I’alaeozoic times. 

The Devonian System 

The Ue\'onian System is dec'eloped in the areas in which the Lov\er 
Palaeozoics occur— i.e., in Spiti, Kashmir and Burma, and also in C.hitral 
to the north-west of Kashmir. 

SPITI -KUMAON 

A group of hard, white, unfossiliferous (juartzites conformable o\-erlies 
the Silurian rocks containing Pentamcrus ohlonf^u'i and other fossils of early 
Wenlock age and is overlaid by fos.siliferons Lower Carboniferous rocks. 
The tjuartzites are 500 feet thick and are known as the Muth Quartzites. 
They are mainly Devonian in age but the lower part is L'pper .Silurian. 

In northern Kuniaon the Devonian and the L’pper Silurian are rep¬ 
resented by the IMuth Series which has here the same characters as in Spiti. 
In the Kuti region this series is SOO tej 1,000 metres thick, composed of 
quartzite with dolomite layers which weather to a brown colour, o\'erlain 
by massive white quartzites. The top quartzite is sometimes replaced bv 
dolomite and varies considerably m thickness up to 200 metres. Though 
the overlying Killing Shales of Permian age are conformable to them, 
there is almost everywhere a considerable stratigraphical gaji repre.senting 
a period of erosion and non-deposition. The Devonian is represented bv 
a crinoiclal limestone in th(‘ Lipu-J.ek area. The full section of the Muth 
Quartzite in northern Kiimaon h considered to repr<>sent the Cpiier Silurian 
and a part of the Devonian. 

In L’pper Spiti and Kanaur. there are dark hssile limestones containing 
abundant OrthAetes (O. crcnistria) and other brachiopods such as .Atrypa 
aspcru, .Strophalosia, etc. These are Micklle to L’pper Dei'onian in age. 

In Byans, near the Xejial border, Dei’onian fossils have been found in 
some dark limestones near 'I'era (iadh camp. These include : .itrypa 
reticularis, .1. aspera. Peniamaus cf. siil/liu^uifer, Camurophoria cf. 
phillipsi, Rhynch'meUa QVilsonia) cf. omee^a, Orthis aft. hiAriata : and also 
the cejihalopod (hihneeras and the coral Panmtes. 

KASHMIR 

Devonian strata are found overlying the Silurian in the Lidar valhy 
and in the Shamsh .\bari syncline. They are hard white quartzites having 
a thickness of up to 2,000 feet. They are lithologically similar to the 
Muth Oiiartziti s of the tyjie area and are unfossiliferous. 
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DiaOMVX FOSSILS 



Explanation or IT, vti. Ill 


1. an (4). 2. cnn,:cn!a 12,3). 3 Calrc^h 

sandahna ('>'3). 4. He/fditt'.- interstinctui (1'2). 5. I[rracrinu^ pynf^rinn (3,2i 

6. H. Sp„io,u. (stem) il; 7. Fene^feHa p.~!yp„r.,/u (3,2). 8 Ucnhvpn ,.cuMu 

(3/2). 9. Pohpnra p.-pulaUi i3/2). 10 . .Vi,,,/u (2 3l II. -S'. 
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GHITRAL 


In the State of Chitral on the Afghan frontier, Devonian rocks are well 
developed and comprise thick limestones which are underlain by quartzites, 
sandstones and conglomerates. These latter are iinfossiliferous and 
apparently represent older Palaeozoic rocks. The De\'onian rocks, which 
are generally brought into ju.xtaposition with conglomerates of much 
younger age by a great fault, comprise beds of limestone with corals and 
brachiopods. The fossils include : 

Trilobitfs ... ... Proetus chitrah'n-iis 


Brachiopods ... ... Spirifer atf. pyimueuiis:, S. cf. vobii^tus, Athyns cf. 

<:ubco}icentyiui, Fentamerus sieheri, Oythi'^ cf. praecur- 
sw var. <;iilcata, species of PmUi^tella and Dahna- 
nella, Sty>)pheiidonta phillip^i, Oyth)tete% hipponyx, 
Chonetes arf. embryo, Cfionstes McMahoni 

Gastropods ... ... Loxoneniti, Euomphalus, Pleurotomaria 

Actinozoa ... ... Several specie.s of Cyathophyllum 

Also cnnoid stems and Fenestella. 


BURMA 

Plateau Limestone. —In the Federated Shan States the Silurian 
rocks are succeeded by the Plateau Limestones which occupy a large area. 
They are mainly of dolomitic composition, but argillaceous and arenaceous 
intercalations are known in places. The typical Plateau Limestone is a 
hard, light grey, fine-grained and granular rock which has been crushed 
and is traversed b}' thin veins of calcite. It contains a few traces of fossils 
including corals and foraminifera. 

The Plateau Limestone e.Ntends in age from Devonian to Lower 
Permian. The brecciated nature and paucity of fossils do not permit of 
the separation of beds belonging to different ages. The total thickness 
is about 3,000 feet. It was probably a limestone, later dolomitised to a 
large extent. The lower part of the Plateau Limestone contains two 
fossiliferous patches, viz., Padaukpin Limestone and Wetwin Shales which 
have yielded Devonian fossils. 


suhtctragoHa (2). 12. Orthotetes itmbraculuin (1/2). 13. Orlhis striatula (1/2). 
14. Pentamerus (Gypidula) hrevirostris (2/3). 15. Rhynchonclla subsignatci (2/3). 
16. Spirifcr padaiikpincnsis {213). 17. Conocardium rheyianum (2/3). 18. Euom- 
phalus radiatiis (3,'2). 19. Chon?tes SHbcanzelUPa (3/2). 23. {Janeia hiymanica (2/3). 

21. Pachypora polymorpha (2/3). 22. Cyathophyllum {Thamnophylluni) nmltizonatum 

(transverse section) (1), 23. Prodiictus fallax var. chitralensis (2/3). 24. Athyns 

chitralensis (2/3). 25. Spinfer ynurchissoniatins MG). 26. Camirotoschia baitalenis 
-(2/3). 
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Padaukpin Limestone. —-This is exposed in a small area near 
Padaukpin situated at a di.stance of a mile from Wetwin railway station, 
and contains a rich assemblage of fossils : 

Actinozoa ... ... Cyath-tphylliim birmanicum, Pachypora reticulata, Zaph- 

rentis cornicula, Enii>ph'vUum acanihicmn, Cvsiiphvl- 
lum cristatum, Calceola sandalina, Fav(><;iles goldfus^i. 
Alveolites ramosa, A siihorbicularis, Heliolites inter- 
stiyidif^ 

Bryozoa . . ... ... Fisinhpora fempestiva, Selenopora coelcbs, Fenesfella 

arthritica. Hemitrypa lyivvrsa, Polvpoya popnlata, 
Fencstroporu isolata 

Crinoids ... ... ... Cnpressocrimis cf. cyassw-, Hexua'iniis a\{. elongatus, 

Taxocnuus 

Brachiopodb . . ... Leptaena rhombotdahs. Strophcodontu interstrialis. Ortho- 

teles itmbraculuiri, Chonetes minitta. Orthis siriatula, 
Aihvris coricentrica, Fentamerus [Gyptdida) brevirost- 
ris, Atyypa rcticuluns, Spirifer padaukpinensis 
UhyHchonella sp. 

Tnlobites . ... Phacops latifrons, P. {D.ilminiics) punctatus 

Wetwin Shales. —The Wetwin Shales, which are yellow to buff and 
mottled, arc exposed near Wetwin, 12 miles east of Ma\’myo and within 
a mile of the exposure of Padaukpin Limestone. No direct relationship 
could be established between these two neighbouring exposures, but the 
fauna of the Wetwin Shales indicates that it is slightly younger than that 
of Padaukpin, while there is also a difference in facies. The fossils include : 

Brvo.'ii.i ... . ... I-i’ne^lc’lUi p'-'l\'f>ordla var. aield>iHen^is 

Bracluopods ... ... Lingula cf. punctaia, Athyris of. spirtferoides, Chonetes 

subcaiiciila/a 

Lamollibrar.ch^ . ... Sucula u-ettotncusis. Janeia birmanica, Palaenncito bp. 

Gastropods ... ... Hellernphin shanetisis, B. adnitrandiis 

This fauna indicates the Eifelian sta.ge of the Middle Devonian. It 
is rich in lamellibranchb and gastropods whereas the Padaukpin fauna is 
rich in corals. The difference of the two is to be attributed to the physi¬ 
cal environment and conditions, the Wetwin bhales being apparently 
lagoonal deposits. Beds of similar age are known to be present in several 
regions in Southern Asia such as Armenia, Iran, Yunnan and Indo-China. 

The Carboniferous System 
SPITI 

Kanawar System. —The Muth Quartzites of Devonian age cnnstitute 
a conspicuous horizon in the Himalayan area. They are overlain m Spiti 
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by a series of limestones, shales and quartzites, called the Kanawar System, 
which is subdivided as follows :— 


Po Senes (2,000 feet) 


{ Fenestella Shales 

Thabo Stage : quartzites and shales with plants 


Lipak Series (2,000 feet) .. Limestones ami shales with Svyi}iqothyris ciispidaia, 

Prodiicfus, etc. 


Lipak Series. —Named after the Lijiak ri\'er, and well exposed near 
the junction of that river with the Sutlej, this series consists mainly of 
limestones and quartzites with subordinate shales. The limestones are 
generally hard, dark grey and contain thin siliceous bands. The lower 
portion contains some corals and brachiopods which have ]iroved difficult 
to extract from the rocks. In the upper jiart of the series there are thin 
shales and limestones which ha\'e yielded good fossils among which are : 


Brachiopods ... ... ProJuctus civu, P. semiyeticiilulus, Chonetes Jiaydrensis, 

Syytngriiliyyis cuspidata, Oytholeles sp., Deybyia of. 
scnili!:, Spiyifey kashmiyien^ts, i'tyophonieyia analoga, 
Reliciihina lineata, Athyyi$ voysvi, A. suhtihia 
Tnlobite ... .. ... P/nllipiht ct. diffunii 

I^amellibranchs ... ... Conocaydiiim, Artcuhpecten, tic. 


Pteropod 


Conitlayia qttadyi^Hlcala 


The fossils show that they are of Lowi.-r Carboniferous age. 


Po Series. —The Po Series, which overlies the Lipak Series, has two 
subdivisions. The lower portion, called the Thabo Stage, contains the plant 
fossils Rhacopteris ovata and Sphenopterulitim furcillatim which are regarded 
as Lower Carboniferous. The upper portion, known as FenesteUa Shales, 
because of the richness in some horizons of the brj'ozoa called Fcncstella, 
is of Upper ('arbnniferous age and contains the following fo.ssils :— 

Brachiopods ... ... Pyodurlus •tCtihncHlu^, P. ttndalus, DieUiimu sp., 

Spiyigeya cl. geyayJi, Spuifef tyiangulayis, Reti- 
cularia lineata 


The Po Series is succeeded by a conglomerate which contains pebbles 
and boulders of the underlying formations and represents a stratigraphical 
break which, however, is only of a short duration here, as compared with 
other areas. 


KASHMIR 

Syringothyris Limestone. —In the Palaeozoic anticline of the Lidar 
valley in Kashmir, the Muth Quartzites are overlain conformably by thin- 
bedded limestones called the Syringothyris Limestones. They are w'ell 
exposed at Eishmakum and Kotsu, south-east of Srinagar, and apparently 
extend further out but are covered by the younger Panjal trap and alluvium. 
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Beds of the same age are found also near Banihal in the Pir Panjal where 
they attain a thickness of 3,000 feet. The strata derive their name from 
the brachiopod Syringothyris cuspidata which characterises them and which 
show also that they are to be correlated with the Lipak Series of Spiti. 

Fenestella Shales. —The Syringothyris Limestones are followed by 
a thickness of 2,000 feet of quartzites and shales the latter being often 
calcareous. They are e.xposed in the Lidar valley and near Banihal. 

The lowest beds of these are unfossiliferous but above them come shales 
full of Fenestella and also brachiopods, corals, etc. The upper beds are 
mainly quartzites with shale intercalations. The more important fossils 
in the Fenestella Shales are : 


Polyzoa ... 

Trilobite 

Brachiopods 


Lamellibranchs 


... Fenestella and Proioretepora ampla. 

... P/nllipsia sp. 

... Prodnctus cora, P. scabriculus, P. undatus, P. spitiensis, 
Spirifer lydekheri, S. triangularis, S. varuna, Stropha- 
losia, Aulosteges, etc. 

Aviculopecten, Modiola, Pecten, etc. 


Kofsu Hiff Eishmakam 



Fig. 5—Section across the Lidvr valley anticline, Kashmir 
(After C.S. Middlemiss. Rec. 40) 


The Fenestella Shales are in several places conformably associated 
with volcanic agglomerates which are semi-contemporaneous with them. 
Their exact age is somewhat uncertain because of the special characters 
of its fauna, but it must be somewhere in the Middle or Plpper Carboni¬ 
ferous. 


CHITRAL 

The Devonian rocks are followed confonnably by Carboniferous strata 
in Chitral, comprising the Chitral Slates and Sarikol Shales. Amongst 
them are beds containing Fiisiilina and Bellerophon. 

BURMA 

Northern Shan States 

The upper part of the Plateau Limestone is of Carboniferous to a 
Permian age, but as mentioned already, it has not been found possible to 
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subdivide the formation in a satisfactory manner. The Lower Plateau 
Limestone, which is dolomitic, passes up by perfect gradation into the finely 
crystalline, grey or blue-grey, calcitic Upper Plateau Limestone. This 
formation occurs in a number of hills and ridges contains Fusidina elongata 
and some usually ill-preserved corals and brachiopods in places. Amongst 
the fossils which ha\'e been identified are : 


Foraminifera 
.'trithozoa 
Bryozo.a . 

Tnlobite . . 
Brachiopods 


Cephalopoda 

I.amelhbranchs 

Gastropods 


Fustiliim elongata 

Lonsdaleia indica, Swingopoya sp , Zaphrentis sp, 

Fcncslella cl. perelegans. Hexagonella yamo-,a. Polypoya 
cf oynata. 

Plntlipiia sp 

Spiyifey sfyuitUi, F. tauigey, Marlinia dispel), Reticiilayia, 
hneata, Sptyifeytna cyisiata, Spiyigera yoysn, Spiyi- 
geyella deybyt, Schizophoyia Dtdica, Oldhannna sp., 
Prnductus coya, P. cylindyicus, P. gyatiosus, Choneles 
gyandicosta, Dielasmci biplex, Camayophoyia sp., 
Xolothyyis simplex, Mayginifeya sp. 

Xenaspis carbonayia 

Psendomonotis, Pecten, Schtzodus 

Pteuyotomayui, Muychisonia, Holopella, Nentopsis 


The fauna is Permo-Carboniferous and shows some relationship to the 
Lower and Middle Productus Limestone of the Salt Range. It is interesting 
to note that the barrier which e.xisted between the Himalayan and Shan 
areas in the earlier Palaeozoic had broken down during the Upper Palaeozoic 
so that there could he intermigration of faunas. 


Southern Shan States 

The tipper Plateau Limestone is found also in the Southern Shan 
States near Taungg 3 d uhere it has the same characters as in the north. 

fossiliferous localitj' on the Taunggj'i-Loilem road yielded abundant 
br\ ozoa but only a few brachiopods. The fauna found includes Fusidina, 
corals, PriHluctus and Lyttoma which indicate Carboniferous to Permian 
age. 


TENASSERIM 

The Moulmein limestone beds with associated sands and claj^s are about 
600 feet thick and are found ovorh'ing the Mergui Series near Moulmein. 
They are e.xposcd in the Thampra hill and the hills to its south, and also in 
the islands of the Mergui .Archipelago. They have yielded fossils from 
north-west of Tharabwin which indicate an Upper Carboniferous age. 
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Foraininifera 

Anthozoa 

Brachiopods 

'Gastropods 


SchwQgerina oldhami 

Lon'idaleia salinaria, Lithostrotion sp. 

Spirifer sp , Productus <iumatrensis, Athvris sp. 
Bellerophon sp., Miirchisonia sp. 


Unfossiliferous Palaeozoic Strata 
KASHMIR- HAZARA 

Tanawal Series. —A formation of considerable thickness, composed 
of phyllites, quartzites, quartz-schists and conglomerates, occurs in a 
number of places in western Kashmir and Hazara. The rocks are more 
or less metamorphosed and folded up with the Dogra Slate Series. The 
quartzites, however, appear to be silicified Infra-Trias limestones or perhaps 
the equivalents of the Muth Quartzites. They are entirely unfossiliferous. 
In the Pir Panjal, members of this series have been observed to pass laterally 
into the .-^gglomeratic Slates. Hence, though their age is not known with 
certainty, they may represent a part of the gap between the Cambrian and 
Upper Carboniferous. The Tanawal Series is overlain by the Tanakki 
Conglomerate which is now regarded as the equivalent of the Talchir 
Boulder Bed and the Blaini Boulder Bed. 


SIMLA-GARHWAL 


Jaunsar Series. —In the Simla-Garhwal region the Palaeozoic is 
probably represented by the Jaunsar Series, which is an unfossiliferous 
assemblage of slates, sandstones and quartzites, resting on the Simla Slate 
Series. The Jaunsars of Garhwal are divided as below : 


Jaunsar Senes 


fNAGTHA-T—Purple and green phyllites, quartzites, 
sandstones and conglomerates 

Chandpur —Phyllites, schists, banded quartzites, 
) tufts and lavas 

Mandhali —Limestones, slates, phyllites, grits and 
boulder bed 


The Kagthats bear much resemblance to the Tanawals of Hazara, 
and the Chandpurs to the Chails and part of the Dalings. Further east in 
Garhwal, the Chandpurs rest on the Barahat Series, consisting of <|uart- 
zites, limestones and some lavas, which may be the equivalents of the 
Nagthats, since the line of separation is a thrust fault. 

The Jaunsars have been affected in some places by tectonic distur¬ 
bances of pre-Krol [i.e., Pre-Permian) age, as a result of which they have 
acquired the Aravalli strike direction. It is apparent that the rocks of 
Rajasthan and of Garhwal have been affected by the same post-Vindhyan 
tectonic movement. 
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It would be convenient at this stage to review the salient points in the 
Palaeozoic (pre-Upper Carboniferous) stratigraphy of the Indian region. 
During the \'indhyan times (presumably partly uppermost Pre-Cambrian 
and parti}' Cambrian) there were three major marine areas in the Penin¬ 
sular part, the first in the Cuddapah basin, the second in the Chhattisgarh 
basin and the third forming the great \'indhyan basin. Only the southern 
edge of the last basin is now exposed ; its central part is hidden beneath 
the Ganges \'alley and its northern part has become involved in the Sub- 
Himalaj-an region where the strata have yet to be untangled from the 
confused thrust sheets in which rocks of other ages are also found. The 
representatives of the Mndhyans may be the Jaunsars and the Simla States. 
We have no information at all whether any part of the Palaeozoic is re¬ 
presented here, for the formations contain no fossils so far as known, and the 
succeeding Infra-Krol and Krol rocks are tentatively regarded as Permian 
or even Mesozoic. There are reasons to believe that the great \dndhyan 
basin was probably isolated from the northern open ocean which then 
occupied the region of the Central Himalayas and it probably dried up 
during the Cambrian. The Salt Range area may ‘represent the north¬ 
western edge of this basin. Lower Palaeozoic rocks are not present in Hazara, 
while the earliest rocks exposed in the Baluchistan area are of Permo- 
Carboniferous age. 

In the Sub-Himala}’an and Central Himalayan regions of Kumaon, 
between Almora and Rakshas Lake, Heim and Gansser have distinguished 
the following formations. Of- these, the unfossiliferous or poorly fossili- 
ferous rocks occur below the Central Himalayan thrust sheet and the 
fossiliferous rocks of the Tethj-an Facies above the thrust :—■ 


MuTH SfcRIES 


Variegated Series . . 


Shiala Serifs 


Garbyang Series ... 


Ralam Series 


Martoli Series 


Brown quartzites with rlolonute layers, capped by 
white quartzites. A special lades of this is the 
crinoidal limestone of Lipu-Lekh —Siluyian to 
Devonian 

Repetition of marls and shales of red, green, ,grey 
colours with layers of limestone —Silurian 

Calcareous sandstones and thin layers of lenticular 
limestone with crinoid fragments —Ordovician 

Slaty phyllites. Calcareous sandstones, sandy and 
argillaceous dolomites —Cambrian 

Basal conglomerates, grejwackes, orange coloured 
dolomites —Lower Cambrian and possibl}' partly 
Pre-Cambrian 

Phyllites, Calcareous phyllites, quartzites : probably 
equivalent to the Algonkian 
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The Central Himalayan zone was occupied by an open ocean in which 
fossiliferous Lower Palaeozoic strata were deposited such as are known in 
Northern Kumaon, Spiti, Kashmir and Chitral, extending into the Hindu- 
kush and Northern Iran. The Shan area of Burma did not belong to the 
above geological province but to another which included Yunnan, Southern 
and South-western China and Indo-China. There does not seem to have 
been any intermingling of fauna between these two basins, at least until 
the Devonian. Much more detailed work will have to be done in the 
Himalayas before a clearer picture can be obtained of the distribution of 
the strata of various ages and of the palaeogeography of the earlier geological 
periods. 
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CHAPTER X 


THE GONDWANA GROUP 

Introduction 

After the deposition of the Vindhyan rocks and their uplift into land, 
there was a great hiatus in the stratigraphical history of the Peninsula. 
At the end of the Palaeozoic Era, i.e., towards the Upper Carboniferous, 
a new series of changes took place o\er the surface of the globe, which 
brought about a redistribution of the land and sea and which was also 
responsible for the mountain-building movements called the Hcycvninn 
or Variscan. At this time there e.xisted a great Southern Continent or a 
series of land masses which were connected closely enough to permit the 
free distribution of terrestrial fauna and flora. This southern continent, 
which included India, Australia, South America, Antarctica, South Africa 
and Madagascar, has been called Gondix-analand. It shows evidence of the 
prevalence of the same climatic conditions and the wide distribution of 
the same type of deposits from the Upper Carboniferous to the Jurassic, 
The era «ith which we are now concerned began with a glacial climate, for 
we find the deposits commencing with a glacial boulder-bed which has been 
recognised in all the above-mentioned lands. The bulk of the strata which 
followed the glacial conditions was laid down as a thick series of fluviatile 
or lacustrine deposits with intercalated plant remains which ultimately 
formed the coal scams. The basins of deposition must have been shallow 
and generally sinking, with frequent oscillations of level, for we find each 
cycle of deposition starting with coarse sandstones and proceeding through 
shales to coal seams. The plant remains emliedded in these sediments 
have remarkably close affinities in all the lands mentioned, and comprise 
Glossopteris, ■Gangamopteris, ^’ertehnma, Gondhaiiiditim. etc. This 
floral assemblage, called the ' Glossopteris flora,’ is very characteristic of 
the deposits of the lower part of this group. The amphibian and reptilian 
faunas of this era are strikingly similar and point to unrestricted inter¬ 
migration. For instance, according to Prof. \'on Hiiene, there is an e.xtra- 
ordinary resemblance between the Dinosaurs of Madhya Pradesh in India 
and those of Madagascar, Brazil, Uruguay and .Argentina. This Gondwana 
continent seems to have persisted through the greater part of the Mesozoic 
era and to have been broken up during the Cretaceous, either bv the sinking 
of the marginal parts of the continents or by the drifting apart of the com¬ 
ponent parts. The close faunal and floral affinities of the Gondwana strata 
in India and the Southern continents will become apparent when we deal 
with their equivalents in Africa, South .America and .Australia. 
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NO:\IENCLATURE AND EXTENT 

The name Gondwana was introduced by H. B. Medlicott in 1872 in a 
manuscript report, but appeared for the first time in print in a paper hy 
O. Feistmantel published in 1876 (Rcc. IX, Pt. 2, p. 28). It is derived from 
the Gond kingdom of the Central Provinces (Madhya Pradesh) where these 
formations were studied by Medlicott, but has also been extended to the 
large continent which appears to have existed in the uppermost Palaeozoic 
and the Mesozoic times in the Southern Hemisphere. 

The rocks forming this Gondwana group are of fiuviatile or lacustrine 
nature and were dejiosited in a series of large river or lake basins which 
sank along trough-faults amidst the ancient rocks. It is to this faulting 
that we owe the preservation of the Gondwana strata with their rich coal 
seams. 

Distribution. —The Gondwana rocks are mainly developed along two 
sides of a great triangular area, the third side of which is formed by the 
northern part of the east coast of the Peninsula, i.t\, from the Godavari 
valley to the Rajmahal hills. The northern side of this corresponds roughly 
to the Damodar. Sone and Xarmada valleys, trending nearly E.-W. while 
the south-western side runs along the Godavari valley with a N.W.-S.E. 
trend. In the interior of this triangle is a subsidiary belt along the Mahanadi 
valley. In these long and narrow tracts, the Gondwana rocks are found 
in a series of faulted troughs. Other groups of exposures are found along 
the Himalayan foot-hills of Nepal, Bhutan and Assam, and also in Kashmir 
and Baluchistan. Further, Upper Gondwana rocks are seen in a series 
of detached outcrops along the east coast of India, between Cuttack and 
Cape Comorin, in the Rajmahal lulls, Madhva Pradesh, Rewa, Saurashtra, 
Kutch. and also m Ce^don. 

Two-fold division of the Gondwanas. —Though the Gondwanas 
are generally referred to as a System, their extent and magnitude in space 
and time entitle them to be considered as a major group. They span the 
time from the Upper Carboniferous to the Jurassic or Middle Cretaceous 
and comprise strata whose total thickness is from 20,000 to 30,000 ft. in 
different parts of the world. At least one of their major divisions has 
the .status of a geological ‘ System ’, which can be separated into series 
and stages. It is therefore appropriate to refer to the Gondwanas as a 
‘ Group ’ as in the case of the standard Palaeozoic or Mesozoic Groups. 

The Gondwana group is di\'ided into two major divisions based mainly 
on palaeontological evidence. This two-fold classification is the one 
adopted by the Geological Survey of India and has been strongly supported 
by C. S. Fox in his monographs on the coalfields of India. The line of 
division is taken as above the Panchet Series, the lower portion being 
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characterised by the Glossopteries flora and the upper by the Ptilophyllum 
(Rajmahal) flora. There is also some evidence that the faulting and fold¬ 
ing of the Gondwana basins took place mainly in post-Permian and 
Mahadeva times. 

A tripartite classification was suggested by Feistmantel and followed 
by E. \’redenburg in his ' Summary of the Geology of India ’ (1910, p. 50). 
where Lower, Middle and Upper Gondwanas are shoun as equivalent to 
the Permian, Triassic and Jurassic systems of Eurojie. A factor m support 
of this is the intervention of arid continental deposits containing Triassic 
reptiles and amphibians in the middle formations of the Gondwanas, the 
beds above and below them indicating humid and normal conditions. The 
base of the Panchet Series is thought to correspond roughly to the ba.se 
of the Trias. Though the.se factors make the tripartite division iilaiisible, 
the evidence of the flora is entirely in favour of a two-fold division. Dis- 
conformities and stratigraphic gaps separate the Panchets and Mahadei as 
from each other and from the beds abo\'e and below them, but the magni¬ 
tude of the gaps is not known. Though the details of the stratigraphy of 
the different Gondwana areas in India differ to .some extent, it is very 
clear that the Glossopteris flora practically died out during the Panchet 
and was replaced completely by the more advanced Thinnfeldia-Ptilo- 
phvlliini flora which characterises the Upper Gondwana times. 

Sub-divisions of the Gondwanas.— The Lower as well as the Upper 
Gondwanas ha\-e each divided into three or more series of formations. 
In the ascending onler they are the Talchir, Damiida (Damodar) and 
Panchet m the lower division, and the Mah.ideva. Kajmahal, Jabalpur 
(Jiibbulpore) and Umia series in the upper division. Each series consists 
of stages which have received different names in the different areas where 
they are developed. Table 28 shows at a glance the correlation of thc.se 
stages and their position in the standard stratigraphical scale. 


TAL( HIR SERIE.S 

The lowest series of this grou|) is named after the coalfield and the 
State of Talcher (Talchir) in Ori.ssa, where it was first studied. Its lowest 
member is a tillite or boulder-bed. which is succeeded by shales and sand¬ 
stones. This boulder-bed forms a conspicuous and characteristic datum 
line in the geology of the Peninsula, and is in general 50 to 200 feet thick. 
Its equivalents are found in the .‘salt Range, in Kashmir-Hazara (lanakki 
boulder-bed), in Garhwal (Mandhali beds) and in Simla (Hlaini boulder- 
bed). The Boulder-bed consists of an iinsorted mixture of boulders, 
pebbles, rock fragments and clay, the boulders often showing facets and 
striae of glacial origin. In most of the peninsular occurrences there is 
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evidence, according to C. S. Fox, of this bed being to some extent a re¬ 
sorted glacial deposit, whereas in the Salt Range the ice carrc ing the moraines 
seems to have deposited the materials directly in a shallow sea. The Salt 
Range occurrence contains boulders and pebbles of granite, Malani rhvolite, 
etc., which have apparently been derived from the region of the Kirana 
hills about 50 miles to the south and also from some parts of Rajasthan. 
At Pokharan (27‘'0' ; 71 °55') near the western border of Jodhpur and at Bap 
(27° 25' : 72° 24') about 40 miles further to the north-east, close to the 
eastern border of Jaisalmer, there are certain dark sandstones overlain 
by boulder-beds containing ice-scratched boulders. The Bap beds 
contain boulders of \undhyan limestone. The Pokharan boulder-bed may 
probably be much earlier i.e., \''indhyan or Pre-Cambrian. Boulder-beds 
of the same age have been recorded also to occur in the Kosi valley near 
Barahakshetra, in the Lachi Series of N. Sikkim (Lachi—28 1' : 88' 45') 
and in the Sub-Himalayan region as far east as E. longitude 96°. In these 
regions the Gondwanas are generally overthrust by the Siwalik rocks. 

Shales and Sandstones. —The Talchir boulder-bed is overlain by 
shales and these in turn by sandstones, the total thickness of these being 
500 to 900 feet. The shales arc greenish in colour and usually break up 
into thin pencil-hke or prismatic fragments, for which reason they are often 
called ‘ needle-shales ’. The shales arc arenaceous, micaceous or calcareous, 
and sometimes grade into sandstones which are also generally greenish or 
greenish-brown in colour. The sandstones generally contain grains of 
undecomposed feldspar which also furnish evidence of very cold conditions 
of deposition. The shales and sandstones may be intercalated with each 
other but the latter are more common in the upper part, indicating a general 
coarsening of the sediments as deposition went on. In the upper part of 
the Talchirs, however, the glacial conditions seem to ha\e given place to 
milder climate as evidenced by the presence of fossil plants. 

Distribution. —The Talchir beds are found in most of the Lower 
Gondwana areas of the Peninsula in the faulted troughs, and also sometimes 
as outliers on the gneisses of the neighbouring regions. It is thought 
that the deposition of a series of moraines in the early Talchir age was 
responsible for the formation of a number of more or less connected lakes 
which received the sediments of the succeeding (Damuda) age. 

Talchir fossils. —The plant fossils of the Talchirs occur only in the 
upper part and show an assemblage which is fairly distinct from that of 
the Damuda (Damodar) stage, but closely allied to that of the immediately 
succeeding Karharbari beds which are considered to form the lower portion 
of the Barakars and which are well represented in the Giridih coalfield. The 
important localities of Talchir fossils are Karaon (Deoghur coalfield),. 
Rikba (Karanpura), Latihar (Auranga), Nawadih (Hutar), Behia-Baragaon 
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18 miles north-east of Anukpur (Sohagpur), Goraia (south of Pali in Rewa) 
and Kuppa (Sonada). 


At Rikba and other places the following fossils have been found :— 

l^tcrulospermat- ... .. Glossoplens indica, G. cnntmiints^, Gangamopieris 

cycloptcroides var. major, G. i yclopteroKhs, G. 
ungHstiJolia, Ct. biiriadica, Vrytcla'aiia indica (which 
IS now believed to be the rlnzome of Glossopio i^) 
Cordaitales ... ... Xoeggcrathiopsis hislopi 

Incertae ... ... sp. (seeds) 

In the Punjab Salt Range the Talchir boulder-bed is represented iiy 
the boulder-bed above the Salt Pseudomorph zone. Within a few feet of 
the boulder beds Gondwana fossil plants and spores ha\-e been discovered. 
From near Kathwai, from the shales immediately overlying the boulder- 
bed, several types of spores and cuticles ha\-e been disco\ ered. The following 
fossils were also obtained from the same locality, about 25 feet above the 
boulder-bed. 


Equisetales 
Filicales ^ 
Pteridospermai* 


Incertae 


... Schuoneura sp. 

... Ah'thopleria sp. 

... Glo-^soptcns comnuinis, G. indica, Gangamoptens 
bnriadtca, Vcrtebraria indica, Xoeggevathiop^is 
[Cordaiies) sp. 

... Otiokaria katbucawnsis, '^anunap^i'i ciuaiginaia, Cor- 
daicarpiis ^alniiu 


The BLuni l)uui<ler-bed of the Simla Hills, the Tanakki boulder-bed 
of Kashmir-Ha/ara <ind the Mandhali beds of Tehri-Garhwal, the boulder- 
beds of Lachi and at a few places in the Himalayan foot-hills of Assam are 
also considered to be their equivalents. The location of these may be taken 
as indicating the proximity of the northern shore-line of the Gondwana 
land, but allowance must be made for their overthrust which should have 
carried them some distance south of their original location. 


UMARIA MARINE BED 

An interesting discovery made by K. P. Siiior some vears ago is the 
occurrence of a 10 feet thick band of highly fo.ssiliferous marine sandstones 
and clays lying on the boulder-bed in a railway cutting west of Umaria. 
More recently, Ghosh (Science and (Tilture, XIX, p. 620, 1954) found 
a similar marine bed at .Anukpur some distance cast of Umaria but it is 
intercalated with boulder-beds. The Umaria marine bed overlies the 
Talchir bouUler-bed but passes upwards without any visible break into the 
overlying Barakar rocks. It contains four thin horizons packed with 
fossils, comprising only a few genera— Productiis, Spiriferina, Reticularia 
and a few small gastropods, the first of these being the most common. 
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PLATE IV 


LOWER GOXDWANA PLANTS I 



Explanation of Plate IV 

I. Phyllotheca indica. 2. Schizotieura goridwanensis. 3, 4. Gonduanidimn validum. 
5. Sphenoplens polymorpha. 6. .4 letliopteris roylei. 

The fossils are stunted and probably represent the remnants of a marine 
fauna whose habitat was gradually becoming fresh water by inundation 
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from the rivers flowing into this arm of the sea from the surrounding land. 
The fauna shows, according to Cowper Reed, an admixture of characters 
of Carboniferous and Permian age but the species are all new, with highly 
individual characters. From the nature of the fauna it is thought that 
this area was connected with the sea of the Salt Range and that the age of 
the beds more or less corresponds to the Karharbari stage of Giridih, to the 
Eurydesma and Conularia beds of Salt Range and to the Gangamopteris 
beds of Kashmir. The more important fossils in these are :— 

Brachiopods ... ... Prodncins umayiensis (abundant), P. rewaJiensis, 

Spirifcf narsarhensis, Reticulana harakarensis, 
Athyns aff. protea 

< Ta'^tr'jpods .. ... Pleurotomana innari^ensi^ 

Also fish remains and crinoid sleiu'' 


DAMUD.T (DAMODARl SYSTliM 


These formations, which attain a considerable thickness and are of 
great economic importance, have the status of a System and include four 
series viz., Karharbari, Barakar, Barren Measures and Raniganj. This 
System takes its name from the Damodar river (a tributary of the Hooghly 
river) which flows through the Bokaro, Jharia and Raniganj fields, and is 
the most extensive and best developed sub-division of the Gondvvanas. 

Karharbari Stage. —Above the Talchir Series there is a distinct 
unconformity which is succeeded by the Karharbari beds in the Giridih 
coalfield, the name being deriwd from a village in this area. Here it forms 
the lower portion of the coal-bearing Barakar rocks and is separated from 
the tvpical Barakars by a thickness of barren sandstone. Though forming 
a distinct stage as decided on palaeobotanical evidence, this is strati- 
graphicall\- more allied to the o\ erlying Barakars than to the Talchirs. 

This stage consists of jiebbly grits and sandstones which attain a 
thickness of 200—400 feet and contain intercalated coal seams two of which 
are important and are being worked. It has been recognised in the Karan- 
pura, Hutar, Daltonganj, Umaria, Mohpani and Shahpur fields. 


The fossils found in this stage are :— 


Equisetales 

Ptcridospermae 


Cordai tales 
Coniferalcs 
Incertae 


Schizoneura gondwanttins, leardi 

Glossopteris indica, G. dccipion, G. hnigicaulis, Ganga- 
mopieris cycloptaoides, var. major, G. angustifolia, 
G. burtadica, Vertebrariu indica, Gondwanidium 
{Xeurop/ertdiitni) raUdnni 

Noeggerathiopsis Jiislopi, X. sfoticzkana, X iohittiana 
Biiriadia setvardi. Moranocladus oldhami 
CaJhpieridiuni sp., Otioharia bengalen<:i >. Arberia 
indica^ Samaropsis nnUen, S raniganjen^i^, Cordai^ 
carpus indicus 
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The Gangamoptens beds at Khunniu and Nagmarg in Kashmir contain 
the amphibians Archegosauriis ormitus, Lvsiptcryginm deterrai. Actinodon 
risinensis and the ganoid fishes Amblvpteriis Kashnurensis and A. •^ynimet- 
ricus and also the following plants :— 

Pteridospermae ... ... Glossopteris indica, Ganganwptcn^^ ka<'limiy€h^i<, 

hravia indica 

Cordaitales ... Xoeggerathiop'iis hislopi 

Ginkgoales } ... . . Psygmophylliim haydeni 

These beds are intercalated with pyroclastics and are overlain by 
the Panjal traps. The Gangamopteris beds of Golabgarh Pass and Morahoni 
are overlain by the marine Zewan beds of Middle Permian age. 

B.\RAKAR SERIES 

The name is derived from the Barakar river which cuts across this 
stage in the Raniganj coalfield. It consists of a thickness of 2,500 feet 
of white to fawn coloured sandstones and grits with occasional conglo¬ 
merates and beds of shale in the Jharia coalfield. The sandstones often 
contain more or less decomposed feldspars. Because of their uneven 
hardness, the sandstones weather with a rough surface and produce pot¬ 
holes in stream beds. This stage contains much carbonaceous matter 
in the form of streaks, lenticles and seams of coal. In the Jharia coalfield, 
the Barakars include at least 24 seams of coal, each more than 4 feet in 
thickness, and it has been calculated that over 240 feet of coal are present 
in the total thickness of some 2,000 feet of strata. 

This is the chief coal-bearing stage in practically all the Lower Gondwana 
areas of India, including Darjeeling, Buxa Duars and .\hor Hills. In the 
last mentioned place the base of the Barakars shows intercalations of marine 
beds containing anthracolithic fauna. In all the areas where the Barakars 
are e.xposed, it is seen that sandstones with false-bedding, shales and coal- 
seams appear in this order and are repeated over and o\'er again. The 
sandstones sometimes contain trunks of trees but generalK they lie flat. 
The Barakar seams are best developed in the Jharia coalfield, where the 
ratio of the thickness of coal to that of the strata is as high as 1 : 8. 
Occasionally r'ery thick seams occur, such as the Kargali seam of Bokaro 
.and the Korba seam of Hasdo valley each of which is about 100 feet thick. 
In several cases the coal seams are associated with beds of fire-cla}’. 

The Barakars seem to have been laid down in a series of large shallow 
lakes some of which were probably connected by streams. The coal 
appears to be due to the accumulation of large amounts of debris of ter¬ 
restrial plants accumulated under quiescent and stagnant conditions. 
Though coal is so abundant in the Barakar strata, plant fossils are found 
only in some localities and animal fossils seem to be completely absent. 
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Among the more important fossil plants in the Barakars are : 


Eqiusetalcb 

Splienophyllales 

Ptendospermae 


Cycadophyta 

Cordaitalcs 

Ginkgoak'b 

Incertae 


... Schizonetira gondivaneyisi:^, S. ivardi, Phyllothecu 
griesbachi 

... SphenophyUum spccwsinn 

Glossopteris Uidica, Glossopicris conuymnis, G. ayyipla, 
G. retifera, Gayigayyioplcri^ cyclopleroides (only in the 
lower beds), Sphoiopteris polyyyiovpha 

Taeniopteris dayiaeoides, T, feddeyii, Pseudocteyiis 
balli 

Noeggerathiopsis hislopi, N. whittiayia, Dadoxyloyi 
lyydtcum 

Rhipidopsis guikgoides 

Barakana dichotoyyia, Diclyoptendiiiyyi sponfevniyi, 
Cordatcarpus cf. cordai 


The Barakars are found at se\'cral places along the Suh-IIimalayan 
zone in Nepal, Sikkim, Bhutan and the Assam Himala 3 a, In the Dar¬ 
jeeling area they are found, with occasional coal seams, at Pankabari and 
other places. A glacial boulder bed has been noted at Tindharia at the 
base of the Gondwanas. 


In the Rangit valley of Sikkim, plant-bearing Lower Gondwanas and 
pebble beds and containing coal seams have been discovered at Naj'a Bazar, 
Khemgaon and other places. The plants include Glossopteris. Vertebraria 
and Schizonenra. In the same area poorlj^ preserved Spiriferids, Fenestella, 
etc. have been found in some e.\posures between the Rangit and Tista 
rivers (A. 31. N. Ghosh—Preliminary Notes on Rangit Valley Coalfield, 
Sikkim. Ind. Minerals, 6, 'No. 3, 1953). Upper Carboniferous and Permian 
marine fossils have been collected by Wager in the Lachi ridge. The 
former include Productus, Athyris, Spirigerella, etc., while the latter show 
IVaagenoconcha piirdoni, Camarotoechia sp., Syringothyris lydekkeri, Fenes- 
irellina, etc. Between the two fossiliferous beds are 600 feet of pebble 
beds consisting of pebbles and coarse angular grains of quartz and feldspar 
in a fine siliceous silt. These are thought to represent the Talchir boulder- 
beds. Maclaren found bluish limestone boulders containing Permo- 
Carboniferous marine fossils at the mouth of the Subansiri gorge. These 
yielded Productus, Spirifer, Dielasma, Reticularia, Chonctes, etc. and are 
the equivalents of the Ruling Shales of Sjiiti. The source of this limestone 
has now been ascertained by B. Laskar to be in the Ranganadi basin about 
20 miles S.W. of the above locality just north of the Tertiary belt. The 
Gondwana rocks are overthrust by the Miri quartzites (Purana ?) and by 
rocks resembling the Buxa Series. 

In the Sireng river valley in the Abor Hills also similar limestones have 
been found. These maj^ be continuous with the e.xposures in the Dikrang 
valley to the south-west. Lower Gondwanas with the characteristic plant 
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fossils and sometimes with crushed coal occur in the ^ela Agenc}' where 
they lie over the Tipams and are overridden by Daling schists ; in the 
Kala Pani and the Bor Xadi in Bhutan and in the Aka Hills north of Tezpur 
and in the Bharati valley. 

The Barakars in most of these exposure are generally thrust ov'er 
the Siwaliks or other Upper Tertiary (c.g., Tipani) sediments, which are in 
turn overridden by more ancient rocks such as the Buxa and Daling Series. 

BARREN MEASURES (IRONSTONE SHALES) 

The Barren Measures, which inter\-ene between the JTarakar and 
Raniganj stages in the Jharia coalfield, are about 2,000 feet thick being 
entirely barren of coal seams, but containing strea'ks of carbonaceous 
matter. They consist mostly of sandstones, which are somewhat less 
coarse than the Barakar t}']^, and are represented in the Raniganj coal¬ 
field by the Ironstone Shales whose thickness is about 1,400 feet. Their 
representatives are thinner still in the Karanpiira fields and further west. 
They consist generally of carbonaceous shales with clay-ironstone nodules 
which are sideritic at dejith, but when oxidised at and near the surface 
become limonitic. These are, in places, rich enough to form workable 
iron-ore. Formerly the nodules used to be collected at the surface or from 
shallow pits for use in the blast furnaces of the Bengal Iron Co. (since 
amalgamated with the Indian Iron & Steel l.'o.) situated at Kulti. The 
ironstone contains about 35-40 per cent. iron. The Barren Measures are 
seen in the Jharia and Karanpura fields but when followed in the coal¬ 
fields further west, they merge more or less into the o\’erlying Raniganj 
Series which are also barren of coal seams. 

The fossils plants found in the Barren Measures are ; 

Lycopodiales ... ... ? Buthrodendron sp. 

Pteridospermae ... ... Glos^opferis nidica, G ampla, Giiu^amopteri< cytlop- 

ter aides 

Cordaitales ... ... Noeggcrathiopsis hislopi 

Motur Stage. —In the Satpura area the Barren Measures seem to be 
represented by the Motur Stage which is also devoid of coal. This consists 
of white sandstones with intercalated layers of red, yellow and carbonaceous 
shales as in the Pench valley. In the Tawa ^•alleJ' of the Betul district, 
the Moturs do not contain red clays but show brownish and greenish 
sandstones and buff to greenish clays which are often calcareous. 

In South Rewa, the beds occurring between the Barakars and the Pali 
and Daigon beds (Raniganj age) are apparently to be referred to the Barren 
Measures. 



Explanation of Plate VI 


1 . Glossopteris dectpicns. 2 . Glossopteris tndica and G. angustifolia. 
pteris retifera. 4 . Glossopteris browniana. 5 . Bttriadia sewardi. 


3 . Glosso 






THE GONDWANA GROUP 


267 




RANIGANJ SERIES 

This is typically developed in the Raniganj coalfield where it attains 
a thickness of over 3,000 feet. It is of about the same thickness in the 
Satpnra area where it is known as the Bijori Stage, but is thinner (1,850 feet) 
in the Jharia coalfield. In the t 3 'pe area it consists of sandstones, shales 
and coal-seams, the sandstones being definitely finer grained than those of 
the Barakar Series. \’^aluable coal-seams occur in these strata only in the 
Raniganj coalfield. The coal is higher in volatiles and moisture than the 
Barakar coal, and there are certain seams, like the Dishergarh, Poniati 
and Sanctoria seams, which are c.xcellent, long-flame, steam coals. 

b'ossil wood (Dadoxykm) has been found in the upper part of this 
stage both in the Raniganj and Jharia fields and in the Motur beds of the 
Bench and Tawa vallej's. 


Typical fossils of the Raniganj stage are : 


Ilijuisetales 
Sphenophyllales 
I'llicales ? 
Pteridospermae 


Cycadophyta 
Cordaitales 
(iinkgoales ? 
C oniferales 
Incertac 


Schizoneura gonjwanciisis. P/ivlloDieca mdicn 
Sphenophyllum specwsum 
Aleihoplens roylei 

Glossopteris indica, G. comunmis, G. hrnwniana, G. 
retifera, G. angnstitolia, G stncta, G. tortuosa, G. 
formosa, G. divergens, G conspicua, Gangamopteris 
whilttana, Vertebraria nidicrr, Sphenopteris htighesi, 
S polymorpha, Pecnpicris phcgopte) tode^ 

Tiit-itiop/fn< dtiiitu'oidt'-., T teddcnt 
Socggc)atluopiis Insliipi 
Rhipidopsis densinenns 
Buriadia (Voltzia) sewardi 

Palaeovitlaria hitrzi, Belemnopterts woodmasoniana, 
Dtctyopieridium spoyiferm, ? {Actinopteris) benga* 
lensts, Samaropsis raniganjetisis 


The Raniganj Stage is represented bj' the Bijori Stage in the Satpuras; 
by the Kamthi beds of Nagpur and the Wardha valley in Chanda; the Pali 
beds in .South Rewa ; the Himgir beds in the Mahanadi and Brahmani 
valleys : the Almod beds occurring just south of the Pachmarhi scarp ; 
and the Chintalpudi sandstones of the Godavari vallej-. 


The Kamthi Beds (named after Kamptee near Nagpur) comprise red 
and grey argillaceous sandstones and conglomerates with interstratified 
shales. The beds contain patches and nodules of ferruginous material. 
They e.xtend down into the Wardha-Godavari valley' where it is difficult 
to separate them from the lithologically similar Upper Gondwanas, and 
where this facies of rocks may include both Raniganj and Panchet Series. 
Their lithology has led to the confusion of correlating them with the 
Pachmarhi sandstones and Supra-Panchets. They contain only impression? 
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of plants and practically no carbonaceous matter. The fos.sils found in 
the Kamthis are :—Equisetales : Phyllotheca indica : Pteridospermae : 
Glossopteris indica, G. communis, G. hrowniana, G. siricta, G. ampla, Gaiigit- 
mopteris hughesi, Vertchraria indica ; Cycadophyta : Tacniuptcns cl. 
macclellandi, T. danacoidcs, T. feddeni ; Cordaitales : "Soeggcrathiopsis 
hislopi. 

The Pali Beds (named after Pali near Birsinghpur railway Mation 
on the Katni-Bilaspur line) consist of coarse feldspathic sandstones associated 
with ferruginous and argillaceous bands, the latter yielding plant fossils 
of Raniganj age such as, Xoeggerathiopies hislopi, Danacopsis hughcsi, 
Thinnfeldia odontoptcroides . 

The Himgir Beds of the Raigarh-Himgir coalfield are composed 
of red sandstones and shales of Kamthi facies which overlie the Barakars 
unconformably. They contain a Raniganj flora which includes : Equi¬ 
setales : Schizoneura gondwanensis ; Pteridospermae : Glossopteris indica, 
G. hrowniana, G. angustifolia, G. communis, Vertebraria indica, Pccoptcris 
lindleyana, and Sphenopteris ploymorpha. 

The Bijori Beds in the Chhindwara district, comprising sandstones, 
micaceous flags and shales which are sometimes carbonaceous have been 
found to contain remains of the labr-rinthodont Gondicanosaurus hijoriensis 
and the following plant fossils : Equisetales ; Schizoneura gondicancnsis ; 
Sphenophyllales ; Sphenophylhim speciosum ; Pteridospermae : Glossop¬ 
teris communis, G. damudica, G. angustifolia, G, retifera, Gangamopteris, 
sp., Vertebraria indica ; Incertae ; Samaropsis cf. parvula. 

The Almod Beds were ori.ginally referred to the Panchet bv H. H. 
iledlicott, but are now classified with the Bijoris b}- H. Crookshank. 


THE PANCHET SERIES 

The Panchet Series succeeds the Raniganj Series with a slight uncon¬ 
formity and sometimes overlaps on to the Barakars. The rocks of this 
Series, which have a total thickness of 1,500 to 2,000 feet, rest upon the 
Raniganj Series of the Raniganj coalfield and constitute the Panchet hill 
which is a prominent landmark. They comprise greenish, buff, and brownish 
sandstones and shales in the lower part, and greyish micaceous and felds¬ 
pathic sandstones and shales in the upper part. The sandstones are often 
false-bedded and contain no coal-seams or carbonaceous matter. The}' 
are not known in the Jharia coalfield, but their equivalents are found in 
Bokaro and Auranga. The Almod beds in the Pachmarhi area may pro¬ 
bably be of Panchet age in large part. The Mangli beds of the Wardha 
valle}', composed of fine red and yellow sandstones and grits which are 
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sometimes used as ornamental building stones and are more or less similar 
in appearance to the beds of Kamthi, are also referable to the Panchets 
on fossil evidence, since they contain Brachyops laticeps (a labyrinthodont) 
and Estheria (crustacean). The lower part of the Panchet beds is found 
near Maitur, north-west of .-Vsansol, where plant fossils [Glossnptcris, Schizon- 
neura, etc.) are found, with close Damodar affinities, and also Pecoplcris 
concinna and Cycloptcris pachyrachis. A slightly higher horizon near 
Deoli, called the DcoU beds (also in the Raniganj field on the Damodar 
river) has yielded the following fossils :— 

Labyrinthodonts ... ... Gonioglypliis longiyosiris, G. huxlcyi, GlypiognatUus 

fragilis, Pachygonia incxivvaia, Pachygnathiis orien- 
talis. 

Reptiles ... ... Dicynodon orientalis, Epicampodon indicu>. 

Crustacea ... ... Eslheria mangliensis. 

The Parsora Stage.—This stage is named after the deserted village of 
Parsora north of Pali in South Rewa. These beds consist of medium 
grained sandstone with micaceous and ferruginous bands. They overlie 
the Pali beds (of Raniganj age) with the intervention of several hundred 
feet of unfossiliferous strata. Some of the ferruginous beds contain fossil 
plants which ha\'e a distinctly younger aspect than the Damuda flora. 
Glossopteris appears to be absent but Noegg^crathiopsis (Cordaites) hislopi 
and a few other forms persist. Dan-.icopsis (Thinnfddia) hughesi and 
Thinnfeldia odontopteroidcs arc abundant, which impart a Triassic aspect. 
The beds of Chicharia (this t'illage being 6 or 7 miles north of Parsora), 
which may be either of the same liorizon or somewhat younger, contain 
Thinnfddia sulinii which is referred to the Lower Triassic by .Seward (Rec. 
66. pp. 235-243). The age of the Parsora and Chicharia beds is still a moot 
question, but it may be said that it is somewhere between the Raniganj 
and Maleri Stages. 


3IAHADEVA SERIES 
Pachmarhi Stage 

This senes is named after the Mahadcva hills on which is situated 
the celebrated Mahadeva temple near Pachmarhi, which latter place has 
given the name to the stage which forms its lower part. The upper portion 
includes both the Denwa and Kagra Stages. 

The Pachmarhi Stage forms the magnificent scarp above which the 
town of Pachmarhi is situated, and attains a thickness of about 2,500 feet. 
It is of the nature of a huge lenticular mass of sandstone between the Denwa 
and Bijori beds, and consists of red and buff sandstones with some red 
clays near the base and top. Thi're are layers of haematitic clay and 
platy veins of hard dense ferruginous matter which, on weathering, resemble 
broken pieces of pottery. The Pachmarhi and other stages of the Maha- 
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de\'as arc entirel\’ de\'oid of carbonaceous matter, tliougli the clayey layers 
sometimes sho^\- leaf impressions. The sandstones are generally somewhat 
coarse grained and tinted in \-arious shades of red because of the dissemi¬ 
nated ferric iron. Some of the Tachmarhi sandstones are of good quality 
for building and ha\-e been used at Pachmarhi, ^^'arora and other places. 

In the Damodar valley the IMahadeva Series is known Iiy the vague 
term Supra-Panchet which may also include the Durgapnr beds of the 
Raniganj held. In the Rajmahal lulls it is represented by the Diibrajpiir 
Sandstone. The Durgapur beds have, however, not yielded any fossils and 
they mat' e\-en be of Tertiary age. Some sandstones near Suri (Burdwan 
district) which are probably related to these haw yielded angiospermous 
wood which indicate a Middle Tertiary age. 


Maleri (Marweli) Stage 

This stage, named after the \ illage of Marweli near the Tantlur coal¬ 
field in Asifabad district of Hyderabad State, consists of red clays and 
subordinate sandstones which are often calcareous. Here it rests on the 
Kamthis and is followed bj- the Kota beds seen near .Sironcha. Reptilian 
and fish remains and coprolites ha\e been obtained from the red clay 
beds. 


The same stage (called Ttki beds) is developed in South Rewa at and 
around Tiki near Beohari where also it has the same lithological characters 
as at Marweli. The vertebrate fossils found here include :— 


Labyrinthodonts 

Reptiles 

.Saurischia 

Thecodont 

Fishes 


Metaposaurids 

Hvperodttpediiii (Pnradapedou) huxleyi : Paradapedon 
niduns, Betndnn, Pura^nchus 
Cocturosauria, Sanropodomuipha cl. massospondylus 
Brachysuchu^ iiialencnsis 

Ccralodns hunleriaiius, C. hislopeauits, C, virapa 


The reptilian fossils indicate an Upper Triassic age for these beds. 
There are also some fresh-water unionids and large trunks of fossil wood. 


Denwa and Bagra Stages 

These two correspond roughly to the Maleri Stage. The Denwa Stage 
conformably overlies the Pachmarhis and consists of about 1,200 feet of 
pale brou nish or greenish yellow, bright, mottled red clays with subordinate 
bands of white and yellow sandstones which are often calcareous. When 
followed southwards, the Denwa clays and the or'erlying Jabalpur Stage 
pass under the Deccan trap and then emerge as thinner beds in the Pench 
valley. The Denwas contain remains of Mastodonsaurus indicus (allied 
to Capitosaurus and Metopias) and some obscure plant remains. The 
labyrinthodont remains point to Upper Triassic or Rhaetic age. 
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Bagra Stage 

This stage consists of pebble-beds and conglomerates with red jasper 
in a matrix of red sandy clay, and lies unconformably on the Archaeans 
or on Lower Gondwanas. Followed southwards, the Bagras pass laterally 
into the Denwas so that they may be considered as shore-line deposits 
partly equivalent to, and partly younger than, the Denwas. The sandstones 
of the Tamia scarp lying above the Denwas, though lithologically similar 
to the Pachmarhis, are considered to be part of the Upper Denwa beds. 

RAJMAHAL SERIES 
Rajmahal Stage 

The type area is the Rajmahal hills at the head of the Ganges delta 
near the border of Bihar and Bengal. This series consists of 1,500—2,000 
feet of basaltic lae'a flows with intercalated carbonaceous shales and clays, 
some of these being silicified and porcellanoid. Two of the flows near 
Taljhari are of pitchstone. The total thickness of these intercalated 
sedimentary beds is only 100 feet, each bed being 5 to 20 feet thick. The 
intertrappean sediments between the lower four of five flows contain plant 
remains, fossil wood and unionids. The more important plant fossils 
found in the chert beds near Nipania (24’ 36' : 87" 33'), .\majhola, Kalajhor, 
etc. are :•— 

Equisetales .. .. mjmuhah'nsLS 

Lycopodiales ... ... Lvc<'>poihtes gracilis, L\'co,xylon sp. 

Filicalcs . . ... ^laruttiopsis inacrocarpa, Glcicheuitcs gJeichcnoides, 

Cladophlebis denticulata, Conioptens hymenophyl- 
loides, Sphenopteris hislopi, Pecopteris lobata, Proio- 
cyathea rajmahalense, Tinpahana sinuosa 
Pteridospermae ^ ... ... Danaeopsis rajpnahalensis, Thinnfeldia sp. 

Cycadophyta ... ... Ptilophyllum acittifolium, P. cutchense, Otozamitcs 

hengalensis, Dictyozamitcs falcatus, D. indicus, 
Taeniopteris lata, 7 '. spatulaia, T mw^aejoha, T. 
morrisii, T. ovata, T crassuiiri'is, Xilssoniii 
• {Pterophyllum) princeps, X. rajmuIiaU’iisis, X. 

morrisiana, X. mcdlicottiana, X bDidvahimcnsi s', 

.V. fissa 

Coniferales ... ... Elatoclcidus {Palissya) conjcrta, Ihtinosporites {Palissya) 

indica, Pagiophyllum peyt'i;yinii})i, Bruchyphvllunt 
expansum 

Caytonialcs ... ... Sagenoptcns bambhanii 

Gymnospermous stems and Xipanioxylon giiptai, Pentoxylon sahnii, Xipanios- 
cones trobus sahnii, Onthcodendron florini, Masculo.^- 

trobus rajmahalensis, Sakrisfrobus sahnii, Cnrn-i- 
conites sp. 

... Rajmahalia paradoxa, Podozamites lanccolatiis 


Incertae 
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PLATE ^TI 

Ll’PEK GOXDWAXA PLANTS I 



Explanation of Platf VII 

1. Sphenopteris ^ hislopi. 2. Maraltiopsis macrocarpa. 3. Gleicheniles gleich- 
enoides. 4. Plilophyllum acuhfolium. 


The Rajmahal Traps bear a great resemblance to the Deccan Traps in 
composition and vary from dolerites to basalts, depending on their texture. 
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Phenocrysts or aggregates of feldspar and pigeonite are irregularly distri¬ 
buted in a ground-mass of labradorite, pigeonite, augite, magnetite, glass 
and also palagonite and chlorophaeite. Some flows are \esicular, the 
cavities being filled with calcite, chalcedony and analcite. The topmost 
flow is 250 feet thick but the others are thinner, the a%-erage being about 
75 feet. Pumice, variolite and pitchstone are sometimes found. The 
traps are lateritised in some places and the laterite was at one time used 
as ore for iron smelting. 

The Rajmahals were regarded as Liassic by Feistmantel but Halle 
thought they are Middle Jurassic, while Du Toit suggested that the base of 
the series may extend down into the Rhaetic. Sahni e.xpressetl the opinion 
that none of the Rajmahal plants indicate a younger age than Upper 
Jurassic. 

Kota Stage 

In the Pranhita-Godavari valley, the Kota stage, nained after Kota 
which is 5 miles north of Sironcha, is about 2,000 feet thick and occurs 
above the Maleri beds probably with an unconformity. The constituent 
strata are mostly sandstones and grits of light to brown colour, with red 
clay bands and a few limestone beds. They sometimes contain carbona¬ 
ceous clays and thin coal seams. 

Plant fossils have been found near Gangapur and .4nardm ;— 

Cycadophyta . P/il<-ipli\ihiii) aciilifuliii)ii, I iiciitoplet ,s s^^ntitlalu 

Coniferales . ... IChitocltidus (Paltssya) jiibalptirot^is, E. ennferia, 

E. (Taxitcs) tenernma, Eetinospontcs ttnlica, Araucar- 
ites cutclievsis. 

The Crustacean Estheria and also ganoid fish remains are found in a 
limestone exposure near Kota :— Lepidolus deccanensis. L. hreviceps, L. 
longiceps, Tetragonolepis oldhami, Dapeditts egertoni. 

Ghikiala Stage 

This is named after a village some 10 miles north of Kota and consists 
of brown and buff sandstones, generally ferruginous, and some conglomerates, 
the thickness being 500 feet. It does not contain shale beds and the basal 
conglomerate seems to indicate an unconformity, though the junction 
between Kota and Chikiala is always covered by alluvium. Some 
unimportant coal beds are occasionally present in the Chikiala sandstones. 

JABALPUR SERIES 

This series is divided into two stages, the lower called Chaugau Stage 
and the upper Jabalpur Stage. They consist of white and light coloured clays 
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and massive soft sandstones. Some of the shales are carbonaceous, and 
such of the coal seams as occur (for e.xample in the Hard and Morand 
rivers in the Satpura region) are not of economic importance. Plant 
fossils occur in both the stages, the ('haii.gan Stage fossils resembling those 
of Kota. The two stages contain the following fossils :— 


Pteridospermae •' ... . . Thnnifthha 

Cycadophvta . . Dicfyozamife^ indiciis, Taefiinph'n <; -^^patulata, T. 

CYii^'^ineYvi'^, Anomozamites cf. nilssonia, Xihsonia 
pYincep^, A". OYienfalis, .V, yajmahalensis 
ConiiVrales ... .. I^if^tophvllum dLHiyicatinn 

Fossils of the Jabalpur stage •— 


Filicales 

Cycadophvta 

Coniferales 


Ginkgoales ^ 
Incertae 


(ihtchenilc^: ^IdicluHoult's, Cladnphdebis medlicottiana, 
I'bouiciii lohifolui 

Pitlophyllum acutifolium, Otoiamites hislopi, William- 
sonia iHiiiiii. 

Elatocladus jiiljalpureifiii, E. plana, BrachyphyUum 
expaiisum, Pa^iophyllum cf. peregrinum, Retinos- 
porik's iudica, Araucantes cutchensis. A, macrop- 
teriis. A, latifohui 

Gtnkgoik'i lobuta, Pk'ienicopsis sp. 

Podo.aniilcs lanccolain; 


Kathiawar. —fn Dhrangadhra and Wadhwan in the western part of 
Gujrat there is a large outcrop of nearly horizontal sandstones occupying 
an area of 1,000 sq. miles. They are, for the most part, older than the 
Umia beds of Cutch and homotaxial with the Jabalpur beds. These beds 
are 1,000 feet thick, the lower half being of Jabalpur age and the upper 
half of Umia age. 


The lower beds comprise soft yellow sandstones with white specks of 
kaolinised feldspar, ferruginous concretions and intercalations of carbonace¬ 
ous shales and thin coal seams. There are ferruginous shales locally enriched 
to masses of haematite. The shales contain plant fossils of the Jabalpur 
facies and also several common to Jabalpur and Umia stages :—• 

Filicales ... ... Cladophlebis whitbyensis 

Cycadophyta ... ... Piilophyllum ciitchense 

The upper beds consist of gritty harsh sandstones of purple or dark 
colour with layers of conglomerate. This upper division is probably 
-equivalent to the Umia beds of Cutch and the Tirupati .Sandstones. 


These Gondwana beds are overlain by the Wadhwan Sandstones which 
are probably the equivalents of the Bagh and Lameta beds. In the Idar 
State there are some sandstones called Himmatnagar [Ahmednagar) Sand¬ 
stones from which the .xerophytic ferns— Matonidium indica and Weichselia 
reticulata of Wealden age, have been obtained. These are probably to be 
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PLATE VIII 

UPPER GOXOWANA PLAXTS II 



Explanation of Plate VIII 

Nilssonia morrisiana. 2. Nilssoma prmceps. 3. Diclyozamiles falcata. 
4. Otozamites bengalensis. 5. Taenioptcns spalulata. 
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PLATE IX 

UPPER GOXDWANA PL \XTS III 



Explanation of Plate IX 


1. TcBiiiopteris laia. 2. Pseudoctenis footeanum. 3. Wilhantsonia sewardiana. 
Brachyphyllum rhombicum. 5. Brachyphyllum mamillare. 



THE (iONUWANA GKOI P 


277 




correlated with the Umia plant beds of Catch and the Banner Sandstone 
of Rajasthan, the latter containing some angiosperms. 

Kutch. —The uppermost division of the Upper Gondwanas, which 
are developed in Kutch interstratified with marine lieds. is called the 
Umia Series after Umia village 50 miles X.W. of Bhuj. The jilant beds 
are probably of Lower Cretaceous age, and below the Aptian beds, according 
to the earlier workers. 


Rajnath (1933) has divided the Lmiia Series into three stages as beloW' : 


Bhuj Stage 


Ukra Sta,<je 


(Tmia Stage 


f Be{l:5 with Palmoxvion ^ ,, , ,, 

^ Beds with Ptilnphvlhini .. 

(_/anna beds ... J 

{ Calcareous .sliales witli maniK-'l . , 

lo.ss.ls / 

f Barren Sandstones and sliajf^s '] 

I Tngonia beds ... . ] 

Barren Sandstones ... j^Tithonian 

I (IrtM^n oolites and shaU s . | 

1 I^arren Sandstones . . . i 


Katrol 


Portlandian and ('arliur 


The lower a'tn'a) Stage consists of Barren Sandstone,s and some marine 
beds containing Frigonia belonging to Tithonian and early Cretaceous age. 
The overl 3 dng Ukra beds are of marine origin and contain ammonites of 
Aptian age. 

The L’pper beds (Bhuj Stage) have vieldcd Bemiettitaleau and coni¬ 
ferous plant remains amongst which arc Ptilophyllum iZaniidi. Silicified 
jralms [Pabnoxylon mathuri) also occur. 

The chief plant fossils found in the Umia Series are :— 


F.lioales 
Cycaclopln ta 

Coniferalus 


Incertae 


Cladophlebis whttbyensis 

Ptilophyllum acutifolium, P. ciilchcn^e, Tacniopteri'* 
vittata, William’^onia blanfordi 

Brachvphyllum evpansum, Elatocladii^ plana, Retinas^ 
pontes tndica, Araitcarites ciUchciisi^, A. nuicrop- 
terns 

Actinopteris sp., Pachyptens spcoipca 


These beds also contain the remains of a saurian, Plcsinsain us indica. 


Orissa. -At the head of the Malianadi delta near Cuttack, there occur 
Upper Gondwaiia rocks called the Athgarh beds, the e.vposures being to 
some e.xtent oliscured by laterite and alluvium. They comprise sandstones, 
grits, conglomerates and some white or reddish clan’s, the last of which h.ive 
3 'ielded some fossils :— 

Fliicales ... .. Marattiopsis macrocarpa, Glt.ii.heyiite> glcichenoides, 

Cladophlebis indica, C. ii.'hitbyen:iis, Rhizomopteris 
bath (probably the rhizome ot a fernj. 

Retinosporilcs indica. 


Coniferalos 
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The first four of these are Rajmahal sjrecies and therefore these beds 
are referred to that age. 

About five miles west of Cuttack tliere are carbonaceous shales tra¬ 
versed by basalt dykes, the shales resembling tlie Rajmahal inter-trappcan 
beds. 

The Athgarh sandstones have been used to some e.xtent for Iniikling 
the celebrated temples of Puri (Jagannath—mutilated in English into 
Juggernaut !) and Bhuvaneshwar. The Sun temple at Konarak is built 
partly of these while the Jain caves with .sculptures in the hillocks called 
Kandagiri and Udayagiri, near Bhiu'anesliwar, ha\-e been hewn out of the 
same sandstones. 

Godavari district. —The Upper Gondwanas are found between 
Rajahmundry and Vijayawada, resting unconformably upon the Kamthi 
(Chintalpudi) sandstones. They comprise three divisions, the Golapilli 
Sandstones below, Raghavapuram Shales in the middle and the Tirupati 
(Tripetty) Sandstones above. The lower division comprises about 350 feet 
of orange to brown sandstones and grits, enclosing a flora allied to the 
Rajmahal. The Ragha\’apuram Shales which succeed them consist of 150 
feet of white and buff shales, sometimes variegated, and purplish arenaceous 
shales. They contain plants as well as marine fauna like Cephalopods and 
Molluscs and may be correlated with the Kota Stage. The Tirupati 
Sandstones (about 150 feet thick) overlie either the Golapilli Sandstones 
or the Raghavapuram Shales. They are red to brown sandstones and 
conglomerates, unfossiliferous on the Tirupati hill (23 miles north-cast of 
Ellore) but some outlying exposures of the.se in the neighbourhood contain 
Trigonia and other fossils. These may roughly be correlated with the 
Chikiala Stage. The fossils found in these stages are :— 


Fossils of the Golapilli Stage :—• 


Filicales ... ... Mamitiopsis macrocarpa, Cliidophlehis [Alethopteris) 

indica 

Cycadophyta ... ... Ptilophyllum acutifolium, P. cutchense, Taeniopteris 

ensts, Dictyozamites falcata, Nilssonia {Pterophvllum) 
mornsiana^ Williamsonia sp. 

Coniferales ... ... Elatocladus {Palissya) conferta, Retinosporites {Palissya) 

indica, Araitcanfcs macropterus 


Fossils of the Raghavapuram Stage ;— 


Filicales 

Cycadophyta 


Coniferales 
Ginkgoales ? 
Incertae 


Cladophlebis (Pecoptens) reversa 

Ptilophyllum acutifolium, ? Pterophyllum sp., Otoza* 
miles abbreviatus, Taeniopteris spatulata, T. macclel- 
landi 

Elaiocladus (Taxites) tenerrima 
Ginkgo crassipes 

Pachypteris ellorensis, Podozamites lanceolaius 
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UPPER GOXDWANA plants IV 




EXPLANATION OF Pl AlT 
1. Elatocludus (Jaxites) tenernma. 2. Elatocla 
4. Pag,ophyUu,n pcregnnur,^ 

jEodozamites lanceolatus. 


{Palissya) jahalp 
5. licHnosporites 


xi'eiisis. 

tndica. 


3. 

6 . 


Amongst the animal fossils found in these 1; 
several mollusca including-L^ifa, MytHus, Trim, 
1 elLintt, Pecten, etc. 


are fish scales and 
intcrlaevigata, Solcn, 
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Fossils ut tile Tirupati Stage - - 

Several fossils have been foiiml in tins stage, mostly mollusca and 
molluscoidea. amongst which are some ammonites and belemnites 
and also Trif^onia veutricnsa. T. smea. Inoccrainus. P‘icitdo>nonohs. Lima 
and Pecteu. 

Ongole Area. —In this region there are four patches in which Upper 
Gondwanas are found. They are near Kandukur, Ongole, \Tina\aram 
and Guntur. The best Upper Gondwana exposures are found near Buda- 
vada 24 miles N. by E. of Ongole. The lower beds, i.e., Budavada Sand¬ 
stones are buff coloured, and are the marine equivalents of the Golapilli 
Stage. They are succeeded by thin-bedded, fissile, purplish, vanegated 
shales, called the Vemavaram Shates containing an abundant flora closely 
related to the Raghavapuram Shales (Kota Stage). Overlying these are the 
Pavalnr Sandstones which arc brown and red sandstones apparently un- 
fossiliferous. 

In the vicinity of Pavalur are said to occur large blocks of sandstones 
containing marine fossils belonging to the genera Belemnites, Cerithium, 
Ostrea, Rhynchnnella, etc., but the rock is dissimilar to the Pavalur Sand¬ 
stone and may possibly be younger. 

The Budavada Sandstones have yielded the following plant fossils 
(all Bennettitalean) :— Ptilophyllum acutifolium, Taeniopteris (Angiop- 
teridinm) spatulata, Otozamites sp. and Dictvozamites indiciis. 

The \>ma\-aram Shales have t'lelded a fairly rich assemblage of fossils 
amongst which are :— 

Filicale,^ ... ,. Clcidopklebts \AlethopUyt%) uidica, SphenopteYis sp., 

Dicksonia sp. 

Cycadophyta . . ... Taeniopteris spatulata, T. ovafa, Ptilophyllum acuti- 

fotium, P. ciitchense, Pterophyllnm distans, Dictyo- 
zamites indicus, Zamites proximus 

Coniferales ... ... Retinosporites indtea, Btachvphyllum rajmahalensis, 

Araucarifes sp. 

L.F. Spath examined, a few years ago, the collections of ammonites 
made from near Budavada by F'oote, from Raghavapuram by King and 
from Raghav apuram, I'emavaram and Budavada by L. A. N. Iyer (Pal. Ind., 
N.S. IX, No. 2, pp. 827-829, 1933). From the first two collections he has 
described Pascoeites budavadensis and Gymnophles simplex respectively, 
both being new fossils (genera as well as species) referred to Lower Cretace¬ 
ous from their evolutionary characteristics. Ij’er's collections contained 
poorly preserved fossils in variegated shales having a non-marine aspect 
and sometimes containing Otozamites in association. The collection 
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consisted of mostly new genera and species and not ])articnlarl\’ well suited 
for satisfactory determination. 

Reviewing the collections, Spatli says that the assembhige of ammonites 
consisting of the following, points to an L'piier Xeoconiian age '— 

Hdlcodiscitf, cf. perezianus, H. cf. cailLaudianus. Hoplites cf. horotcac, 
H. cf. beskidensis, H. codazziaittts, Lytoceras sp. cf. vD^dti. Ptiscociles 
budavadensis, P. crassus, and Gymnophtes, simplex, etc. 

The floras described by Feistinantel from the East t'.oast (londwana 
strata have been assigned to the Rajinahal (Jurassic) age. It is now 
necessary to do careful mapping and make collections of fossils especially 
from any marine beds still remaining m the area in order to decide the 
precise age. Particular attention will have to be paid to the marine strata 
for it is only the marine fossils that will pnn'ide critical data for the 
purpose. 

Madras-Chingleput. —There are two occurrences near Madras 
which are referable to the Upper Gondwanas. The lower st.i.ge, named 
after Snperumbndur {Sripennalnr) 25 miles W.S.W. of Madras, contains 
marine animals and plant remains, especially in the eastern part of the 
basin. The invertebrate fossils found here are Lcdii. Yoldia, Telhna, 
Lima, Pecten, etc. One or two ammonites similar to tlujse m the Kagha- 
vapuram Shale are also said to have been found by Bruce I'oot from loose 
boulders hero, but a search in 1940 did not reveal any animal fo'-'lls except 
mollusca, nor the boulders referred to. The plant fo.ssils found are : - 


Filicales 

Pteridospermae ’ . . 
Cycadophyta 


‘Coniferales 


Ginkgoites ’ 


CladophUbis whttbyensis, C. indui, C. iceev^a 
Thinnfeldiasy. 

Taeiiiopleris spalii/iita, T. m'lccldUindi, Ptilophyllmn 
acutifoliwn, /’ cHtchen.w, Dictyozamifes indicus, 

Otozanntes abhreemtus, O. hunburvami^. Pseudo- 
denis (Pterophyllum) footeanum 
. . Pagiophyllum (Pachyphyllum) peregnnutn, Uruchyphyl- 
lum rajuiahalensis, B. rhojnhicus, Elutocladu^ eonjeria, 
E. plana, Araucarites culclinisis, I maciopleyiis 
Ginkgo crassipes 


The area was studied by M. S. A’enkataram in 1939 40. The beds 
occur as patches spread over nearly 800 square miles m Chingleput and 
North Arcot districts, the largest patch occurring at and around Sriperum- 
budur. The strata are composed mainly of white to pink claj’s, shales and 
feldspathic sandstones. They have apparently been laid down in shallow 
basins on an irregular floor with an easterly slope and are mainly locustrine 
in character. The age deduced from the plant fossils is slightly younger 
than Rajmahal and the same as that of the Tabbowa beds of ( eylon. 
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The Upper stage forms the Satvavedii (Sattivedu) beds about 35 miles 
X.W. of Madras, consisting of purple mottled ferruginous sandstones and 
conglomerates which contain fragmentarv’ plant fossils. They arc underlain 
by the Sriperumbudur beds and therefore thought to be the equivalents of 
the Tirupati Stage. 

Trichinopoly. —Small areas of Upper Gondwana beds are also found 
near Uttattur village in Trichinopoh' district where they consist of micace¬ 
ous shales, grej’ sandstones and grits containing calcareous concretions. 
They rest on Archaean gneisses and are overlain by marine Cenomanian 
beds, and contain ;— 

Filicales . Cladophlebis indica ? Aclinopleris 

Cycadophyta .. , rtilophyUion aculifolium, P. ctttchense, Otn;antites 

sp , O. rarinervis, O. abbreviatus, A nonwianiites 
sp., Dictyozamites tndicus, Taeniopteris spatulata 
Coniferales , , , . Elatocladus conferta, E. plana, Retinospontes indica, 

Arancariles culchensis 

These indicate the same horizon as the \’'emavaram and Sriperumbudur 
beds. 

Ramnad.— Bruce Foote found e.\posures of yellow and buff .shales 
resembling the Upper Gondwana shales of Uttattur near Sivaganga but was 
unable to e.xaniine them in detail. 

In 1951, \ . Gopal mapped the area and collected plant remains from 
these beds. The sediments consist of boulder-beds and conglomerates 
at the base, followed by micaceous sandstones and by alternating grits 
and shales in the upper part. The plant fossils have been described by 
Gopal and Jacob {Rcc. G.S.I. 84 (4), (1955) who state that the}'' are of Kota 
3-gf. The most important of them are :— Cladophlebis lohata, C. reversa, 
Taeniopteris spatulata, 7. maclellandi, T. densiiiervis, Ginkgoites crassipes, 
Brachyphylluni expansum, Elatocladus plana, Podozamites lanceolatus, etc. 

CEYLON 

Upper Gondviana strata, called the Tabbowa Series^, are found to 
occupy an area of about 1 square mile north and east of the Tabbowa tank, 

8 miles X.E. of Puttalam. They consist of sandstones, conglomerates, 
shales and nodular limestones. The strata are apparently faulted into the 
gneiss, but are generally co\ ered by allu\ ium so that their actual extent is 
not known. The same rocks have recently been found near Andigama^ 
some 16 miles south of Tabbov\ a and are believed to continue further south. 

* E.J. Wayland : The Jurassic rocks of Tabbowa. Cevlon Jour. Set. Xllt, B„ 

Pt. 2, 1924. 

- P. Derani yagala : Proc. Ind. Sci. Congress, 1940, Pt. 4, p. 77. 
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The sandstones and shales contain plant impressions, while thin coal 
seams ha\e been noted near Andigama. The plant fossils were examined 
and described by Seward and Holttum^ in 1922 and a further collection 
has been studied by K. Jacob who states that the following have been 
identified :— 

Filicales ... ... Sphcnopteris sp, Ci>niopte>is sp . CladopJtlebis sp. 

C. cf. hrowniana, C reversa. 

Cycadophyta . . ... Taenwpteris spatidatu, Nilssonia cf. schaumbitrgensis. 

Coniferalcs ... ... Araucaritesciitchensi'^, Brachyphylliiiu maimllayc, Elato- 

cladus plana, E. sp . DesmiophyUuu} (? Podozaniitcs) 
sp. 

Several of the species agree with those described by Feistmantel 
from the East Coast Gondwanas of Madras, which are referred to the Kota 
Stage. Seward and Holttum agree with this, but Jacob thinks that the 
age may be slightly younger, particularly as the jsresence of Cladophlebis 
cf. hrowniana and Nilssonia schaumhurgensis give the assemblage a newer 
aspect than Kota. .4 final decision on the age of the Upper Gondwanas 
of Ceylon and Madras must however await the results of further detailed 
work. 


IGNEOUS ROCKS IN THE GONDWAN.VS 

Dolerite and Basalt. —Most of the Gondwana coalfields are traver¬ 
sed by hypabyssal intrusive> of basic rocks—dolentes and basalts, which 
may be sometimes olivine-bearing—as dykes and sills. They are common 
in the hatpura, Son-Damodar, Assam and other fields north of the Satpura 
axis and are comparatively rare in the Goda\'ari and Mahanadi valleys. 
Some of the dykes are affected by faults while others pass through them 
without interruption, so that in general they mav be regarded as later in 
age than the faults. Thick sills are occasionally found, especially in Rewa 
and Satpura regions, usually at the junction of dissimilar formations like 
shales and sandstones. Dykes are also known to pass into sills in the 
Satpura area. They generally follow straight courses and appear to be 
controlled by fractures in the b.asement rocks than in the Gondwana strata. 

The intrusives of the Satpura and Rewa areas are undoubtedly of 
Deccan trap age, while those of the Damod.ir valley and .\ssam are thought 
to be of Rajmahal age, though evidence on this point is not clear. In 
the Rajmahal area the traps are dolerites, basalts and andesites, very similar 
to the Deccan traps in their mineralogical characters and their age may 
be Lower to Middle Jurassic. 

* A. C. Seward and R. E. Holttum : Jurassic plants from Ceylon. O f. G S., 
X.XXVIII, Pt. 3, 1922. 
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Mica-lamprophyre.—^Anotlier type of igneous rock i-, also found as 
dykes and sills in the coallields of the Damodar valley, Giridih and the 
Darjeeling foot-hills. This is the ‘ mica-peridotite a lamprophyric or mica- 
rich ultrabasic rock containing altered olivine, calcite (or dolomite), bronze 
coloured mica and much ajiatite. Fresh and unaltered rock is rather rare 
even at depth, lieing dark grev, hard and tough. At the surface and in 
mine workings, as commonly seen, it is buff coloured and soft, containing 
nests of mica. Mica-peridotite dykes are generally of small thickness 
(3 to 6 ft.) and have a tendency to form anastomosing veins, lens-like masses 
and thin flat sheets at the junction of coal seams and sandstone or in the 
coal seams themselves. They seem to have come up through faults and to 
have particularly preferred the coal horizons and their junctions. They 
give evidence of high fluidity and high temperature, as they have destroyed, 
coked, or otherwise rendered the coal useless at and near their contact. 
Alongside some of the sills the coal has been devolatilised and converted into- 
a kind of coke {jhania) for a distance of as much as 6 ft. from the contact. 
The high fluiditj- of the intrusive is e\'idenced by the intricate ramifications 
of the veins and sheets, which may often be less than an inch thick, traver¬ 
sing the cracks amidst the jhama which has developed columnar structure. 
The rock seems also to have spread out into sheets more in the lower seams 
than in the upper, in the same area. In contrast with these, the dolerite 
dykes are scarcely harmful to the coal and they are not found to penetrate 
the coal seams as thin veins. 

The mica-peridotites are seen only in the Damodar valley and in the 
Lower Gondwanas of the eastern Himalayan region. They seem to be 
nearl}' of the same age as the dolerites. 

GONDWANAS IN OTHER CONTINENTS 

From the descriptions which follow, it would be noticed that strata 
of Gondwana age are extensively developed in all the southern continents 
viz., Australia, South .Africa, South America and even in Antarctica. Our 
knowledge of the last named region is still very scanty because of the fact 
that it is under a permanent thick ice cap and information about the rocks 
occurring therein is available only from moraine materials and very rare 
rock exposures. In all these continents the equivalents of the Gondwana 
group begin vith glacial deposits in the Upper Carboniferous and Permo- 
Carboniferous. Thereafter there is an amelioration of climate and the 
strata laid down during the Permian contain workable coal seams formed 
under cold temperate conditions. The Triassic was generally a period 
of drought and of continental conditions ; the strata include brightly 
coloured sandstones and clays indicating a high degree of o.xidation and 
enclose remains of amphibians, reptiles, fishes and silicified fossil wood. 
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The Jurassic period shows milder climate with the de\-elopmcnt of a new 
flora, but though carbonaceous materials occur, coal seams are not common. 
The Gondwana era generally closes with extensive dev’elopment of basic 
volcanic flows which often attain great thicknesses. In Inilia, however, 
the Gondwana era is considered to continue ^\•ell into the Cretaceous 
because of the fact that the younger flora developed during the Jurassic 
is found to continue into some deposits whose age is referalile to some 
part of the Middle Cretaceous (Aptian or Cenomanian). 


AUSTRALIA 

The equivalents of the Gondwana group are found in several areas in 
the eastern part of Australia, including Queensland, New South Wales 
and Tasmania. The best development is that in the coalfields of New 
South Wales and the neighbouring areas. In this region it is possible to 
distinguish a marine as well as a terrestrial facies in the Upper Carboni¬ 
ferous as shown in Table 29. 

Table 29— Composite sections of the Carboniferous (N.S-W.) 


Terresl.nal 


-Marine 


Age 


Upper Kuttung (4,700') 

Main glacial Paterson toscaiute 
Lower glacial 


Lower Kuttung (5,000') 

Volcanics lavas, tutts and cong¬ 
lomerates 


Lniti C U( k 

.Mnc.Ktones and tufts with Spth- 
jer, Relictdana and Stutch- 
bitria 

Upper Burindi 

Limestones with intercalated 
sandstones and clays [Litho- 
drolion etc.) 


Moscovian 


Visean 


Lower Burindi (5,000') : Lower Burindi (7,000'; 

Tuff, mudstones, oolite, conglo- Fossilifcrous limestones, mud- 
merates, with marine fossils stones, tuffs and conglomi 

rates 


Tournaisian 


The lowest beds, known as Lower Burindi, comprise conglomerates 
mudstones, tuffs, etc. and often contain marine fossils. The age is roughly 
Tournaisian as determined by such fossils as the Corals Lithnstrotion, 
Zaphrentis, Syringopora, etc. These are overlain by the Lower Kuttung. 
composed of volcanic conglomerates, tuffs, lavas, etc. the last attaining 
a thickness of nearly 2,900 feet. Their marine equivalents arc the Upper 
Burindi beds consisting of sandstones, mudstones and oolitic and crinoidal 
limestones. The terrestrial Lower Kuttung facies contains Lepidodcndron 
veltbeimiamim. Stigmaria. Archaeocalamites. etc. which indicate a \’isean 
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age. These are followed hy the Upper Kuttuiig beds which enclose two 
important glacial horizons separated by iion-glacial beds. The glacial 
beds contain a Rhacoptcris flora with Calamitt-s and Carduptcris. Their 
marine equivalents are the Emu Creek beds containing Spin fcr. Struphalnsia, 
Reticularia. Stidthhitriu. Phillipsta and I'eiiestellids. 

Permian : In the Hunter \'allev area (X.S.W.) the basal beds which 
contain some glacial boulder beds possibly equi\'alcnt to the tipper Kuttung, 
are represented by the Lochiiivar formation. They are overlain bv the 
Lower Marine formation consisting of conglomerates, grits, sandy shales, 
tuffs and la\-a flows and containing Kiii'vdi'‘;ma. Didasma, Luioproductiis, 
Chonetex and ('orals. Above these come the Lower or Greta ('oal Measures 
followed by the Upper Marine group of crmoidal limestones, mudstones and 
glacial beds. These are succeeded by the Upper Coal Measures {Tomago 
and New Castle coal measures). The Hunter \'alley Permian section is 
17,500 feet thick and contains the most important coal formations of 
.Australia. 

Both the Lower and Upper Coal .Measures contain Glossopteris, (niiiga- 
mnpteri'i. Phyllotheca, Sphenopteris, Cordaites, etc. 

In the Bowen basin of Oueeiisland the Permo-Carboniferous and 
Permian section (Some 15,000 feet thick) consists of basal \-olcanics and 
glacials overlying unconformably the conglomerate beds of Carboniferous 
age. The volcanics are associated with shales containing Rhacoptcris 
flora. These are followed liv Middle Bowen coal measures and marine 
beds. The coal measures contain Ghissupft'ns and (iiiiig<!m(>pten\ while 
the marine beds have yielded dlrop/udosui. Ternikea (prodiictid), Stirpto- 
rhynchus, Murtiniopsis and SUnopora. The Upper Bowen beds are tuffa- 
ceous sandstones, and shales with coal seams. Thev have vielded se\’eral 
species of Glossopteris, Gangamopteris. Phyllotheca, Sphenopteris etc. The 
Marine facies developed in the eastern portion contains Martiniopsis, Stro- 
phalosia, Terrakea, Taeniotheru'^, Anidanthus, etc. .A similar fauna is 
developed also in the southern end of the western part of the basin. In this 
latter, Eurydesma is found in the Lower Bowen (Dillv beds). 

The Triassic is well developed in the Cumberland basin near Sydney. 

It consists of the Narrabean group of Lower Triassic age (o\ er 2,000 feet 
thick) which contains Estheria as well as Glossopteris and Schiztnienra. The 
fish remains in the upper part of the Narrabean are consitlered to be not 
older than the lower Triassic. The succeeding formations are the Haw- 
kesbiiry Series formed of sandstones, shales and carbonaceous shales about 
800 feet thick. These are succeeded by the Wianamatta group which is 
also 800 feet thick and probably of Upper Triassic age. 
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The Hunter-Bowen Orogeny extensively folded the Upper Palaeozoic 
strata and was accompanied by granitic intrusions. This orogeny is res¬ 
ponsible for the marked unconformity which is almost always seen at the 
base of the Triassic. 


TASMANIA 

The succession of formations in Tasmania is shown in the accompanying 
I'able. The whole of the Permian section totals about 2,500 feet thick and 
consists of a quartzite-limesfone suite. The environment varies from 
lacustrine or fluviatile to shallow marine. The Hunter-Bowen orogeny 
whose locus was in the mainland, influenced Tasmanian deposits and 
raised up the basin of deposition inducing erosion in some places, so that 
there is always a marked disconformity below the Triassic. The Granton 
Limestone, Grange Mudstone and Woodbridge Glacials are correlated with 
the different parts of the Upper Marine Series of N.S.W., on the evidence 
of fossils. These fossils include Fenestella, Stenopora and other bryozoa. 
In the Hobart area Eiirydesma occurs. Other marine fossils include 
Taeniotherus, Stropholosia, Polypora and Protoretepora ampla. 


Table 30—The Ggndw.vxa Group in Tas.maxia 


Age j 

Formation-^ 

Equivalents 

Jurassic 

Dolentu lluus and sills. 


Up. & Mid Trias. i 

Felspaihic Sandstone (800 ft.) with Thinn- ' 
peldia, Phyllotheca, Cladophlebis, Johnstonia, 
Phoemcopsis. 

Ipswich Series 

L. Trias 

Kyiochlofty sandstone and shale (700 ft.) with 
Thinnfeldia, Phyllotheca. 


Tartarian ...| 

Kazanian | 

Kungurian ... j 

Cygnet Coal ^leusupcti (200 ft.) with Glossop- 
teris etc. 

Fcrntree mudstone (300 ft.) 

Upper Coal 
-Measures 

1 

Artinskian 

(Risdon i 

formations). 

i 

Woodbridge glacials (400 ft.) with Stenopora 
Grange Mudstone (300 ft ) w ith Wyndluinna 

Upper Marine 
Series 

PoYter's Hill mudstone (50 ft.) 

i 

Granton limestone and marl with ISurydesnia and 
Stenopora. 

Part of Lower 
Marine .Senes 

Sakmarian ... j 

Basal Glacial beds (400 ft.) 

__Unconformitv- 
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In tht' Wooilhridge Glacials abundant erratics are tbund as well as a 
number of fossil trees. The Femtrce mudstone follows on the Risdon and 
is charactt-nsecl b\’ regular varved sediments formed in a shallow sea. 
The (ivgnet ( oal Measurt'S contain thin coal seams and several species of 
the GlossojUeris hora. 

The Tnas''K' formations contain lisli and Labyrinthodont remains 
as well as PhvUvIheca. Tliinnfeldict, Cladophlchis, etc. The formations are 
lacastrine in nature. The feklspathic sandstone at the top of this system 
is assoriateil with shales which are carbonaceous and contain several coal 
seams, some of wliich liave been spoiled by intrusions of dolerite. The 
plant fossils found in this formation are of typical late Triassic aspect 
including 'Ilimufddta, SpJtenopicn's, (itnk"n, SiJgenopiens, etc. This flora 
is allied to that of \t'ianainatta Series of X.S.W. and the Ipswich Series of 
Queensland. 

The Jurassic in Tasmania continues on from the Triassic and is termi¬ 
nated by thick doleritic intrusions and flows. The dolerite is of tholeiitic 
composition consisting mainly of labradorite, pigeonitc and subordinate 
angite. 


bOUTH AFRICA 
The Karroo System 

The GoiuKvana group in South Africa, known as the Karroo System 
consists of three major series, r/T. the Fcca, Beaufort and Stormberg. The 
Karroo System is underlain by the Wittcberg Series of white sandstones 
and shales of Devonian age. The “ Lower Shales " imdcrlying the Dwyka 
Tillites were originally included in the Dwykas but are now relegated to 
the MTttcberg. The succession is given in the follow ing table. The Karroo 
System show s \-ery considerable differences in thickness in the vast areas 
which it occupies, i f;.. The Union of South Africa, South West Africa, 
Angola, Bechnanaland, Rhodesia and East Africa, for the conditions of 
deposition in the different parts of this great basin must have differed very 
much from one area to another. 

Dwyka .Series. The Karroo System commences with the tillites and 
fluvio-glacial beds w hich are called the Dwyka Series. They are generally 
100 to 250 metres thick but might rarely be 420 metres thick. They are 
absent in Rhodesia and Kaokoveld. They are continental in character in 
the Karroo and Transe aal regions but marine in Namaland w'here they 
contain Eurydesma and other fossils. In Bechnanaland they contain 
glacial varvites and thin coal seams. 
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The lower portion of the Dwyka Series is of Upper (Carboniferous and 
Permo-Carboniferous age. In the eastern part of the basin the glaciers 
seem to have come from the region of the Indian ocean and in the western 
part from tlie north and north-west. In some areas Gangamopteris cyclop 
ieroidt's has been found at the base of the tillites. The liiirydesma beds 
have yielded Eiirydcsma, Conidaria, Productus. Acrolcpis. Pahieoniscits. etc. 


Table 31- 

-The 

Karroo Svslem in’ 

South .Aerica 

(.After Maack) 



(Thickness shown 

in metres) 


Age 


1 

, Cape Province 

Xanidland 

Ivaokoveld 

X.ias 

o 

3 

CQ 

1 

Stormberg 

Vtiicanics (1400} 

(J )rakcn'5l)erg}. 

Mandelstein 
docke (30) 
of Kub-Hocli- 
anas 

Kcioko 

\'ulcanics (650) 

Up. Trias. 

V 

P 

i Cave Sst. (250) 

1 Red Beds (500) 


] Mam Sst (50). 

1 

Noric 

Carnic 

SI 

Molteno Beds (600). 

H I T U .S 


Ladinic 

Anisic 

(Jlid. Tria.s ) 


Up Beaufort (400) 
(Bnrgliersdorp) 


Scytlnc 
(L. Triaa.) 


Mid Beaufort (200) 



Up. Permian 

1 

i L. Beaufort (600) 



L. Permian 

< 

u 

j Up Ecca 
! MicI Ecca (1500) 

I (Coal) 

‘ L. Ecca 

Karnio Sst 
and Shales 
(100) 

Shale.s and Sst. 
(100). 

Up Carbon 


’ Up. Sliales 

Winte Band (200) 
{T^Iesosaurits) 

(rfoy Kuppe 
Sliales 

{Me<.i)yaHriis) 

Sh-de-i, SsL (50) 
and limestones 
iMc^osaurw^) 


> 

Tilhtes and glacials 
(460) 

Black Sliales 
(Coal) 

Varvitus 

Sfiriles with thin 
coals. 




Kurydesina beds 
T 1 11 1 1 « s and 
iiuvio-glacials 

(500) 

Sst. and coloured 
shales 

Conglomerate 

(non-glacial) 

(80) 

U. Carbon 


L. Shales 



Devonian 


Witteberg Sst. 




10 
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The Lower Dwykas pass upwards into the “White P>and,’’ also called 
the Jlesosaurns beds. They are about 200 metres in thickness and are 
characterised bv aquatic reptiles of the genera Mesosaiirns and Notensaurits. 
Locally the shales carry Glossopteris, Lepidodtndron and Dadoxylon. 

The Dwykas correspond to the Tubarao Series of Brazil. The great 
ice sheet of the Namaland region is supposed to have extended into South 
Brazil, which was a contiguous area in the Carboniferous, Permian and 
Triassic. The '' White Band ” and the succeeding Upper Shales are of 
Lower Permian age and considered to be part of the Dwyka Series. 

Ecca Series. —This series is extremely variable in thickness in different 
areas, being only 100 metres thick in Namaland but 1,500 metres thick in 
the Cape Province. The lower Eccas are dark unfossihferous shales with 
dolomite lenses. The middle Eccas are dark shales and contain the 
major coal measures of South Africa with several coal scams— e.g., the 
\Vitbank coalfields region where the seams are up to 12 metres in thickness. 
There are also bituminous oil shales. The Upper Eccas are mainly bluish 
shales. The plant fossils found in Middle Ecca Series include 
Lycopodiopsi'i derhvi, Lepidodendron, Glossopteris, Gangamopteris, 
Sphenopteris, Go)idwa)iidiitni. Sphenophylliiin, Cordaites, Schizonettra, etc., 
which are typical components of a Permian flora. 

Beaufort Series. —^The Eccas pass conformably upwards into the 
Beaufort Series whose maximum thickness is about 2,000 metres. This 
series extends from Upper Permian to the lower Trias in age. The Lower 
Beaufort, which is up to 1,200 metres thick, consists of sandstones and 
shales of different colours and shows three palaeontological zones. This 
also contains reptiles ( Endolhiodon ) and Glossopteris flora. The 
Permian-Trias boundary occurs within or above the top of the Lower 
Beaufort. The Middle Beaufort consists of red and green shales with a 
maximum thickness of 300 metres, ft contains the Lystrosaurus zone with 
several reptiles and amphibia of Lower Triassic age. The I'pper Beaufort 
consists of sandstones, arkose and coloured shales with a maximum 
thickness of 500 metres. The Procolophon and Cyiwgnathus zones, rich 
in reptile remains, occur w ithin these. The Glossopteris flora found in 
these strata are Triassic in age and includes Schiznneura, Thinnfeldia, 
Pterophyllum, Ginkgoites, etc. The Beaufort Series is missing in the 
northern and north-western areas. 

Stormberg Series. —There is generally a stratigraphical break 
between the Beaufort and Stormberg Series covering the Middle Triassic. 
The lower part of the Stormberg Scries are the Molteno beds, the lower 
portion of w'hich contains some coal seams with Thinnfeldia. Taeniopteris, 
etc., while the upper portion consists of red beds with reptiles [Thecodon- 
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tosiiiinis. Mctsso.’ipoiidylHS, t-tc.). T1k-v aiv folliiwoil h\' (\u-e Sandstones 
which are line-grained, massive, bright coloured sandstones of colian origin 
indicating a desert climate. 'I'lic Cave Sandstones contain some reptiles 
and hsh remains as well as silicihed wooil, their age being Khaetic. The 
upper part of the sei ies con.sistsof volcanic flowscalled Stornibergor Drakens¬ 
berg volcanics which attain a thickness of 1,400 metres in places. The\’ 
comprise basaltic lavas as well as nielafihvres and porphvrite-^. In some 
places in the Cape Province they contain inter-trappi'an sandstones. The 
la^■a flows indicate a jieriod of tension when Ciondwanaland broke up. 
Thev are of Lower Jurassic age and similar laiai flows are also found m 
Brazil and .Argentine. The Ca|ie ProN’ince also contains intrusnes of 
Late Cretaceous or early Tertiary age comprising granites, nepheliiu' 
sy.'nites, alkali basalts, kimberlite etc. some of which traverse the Karroo 
formation.s. It is not known whetluT these are to be considered a later 
manifestation of the Stormberg igneous acti\'ity. 

t:.\st .\fri( a 

In Xokthi;k.\ Rnoor.si.x the rocks of the Karroo System are well de\-e- 
loped. They begin with glacial beds which are succeeded b\' the \\kvnkie 
.Series which are partly Lower Permian and partly Aliddle Permian anil 
contain coal seams. The I’pper Permian is represented by Madumbisa 
Shales. .After an unconformitx'. the Triassic beds follow—Kscarpmeut 
Grits, Aludstone Crnnip, Pi’bliK' .\rkose and Forest ^andstone. The\- are 
ox’erlain by 2,000 feetoflax a flows of .btormberg (Jurassic) age. 

In SouiHEKX Khodesi.v the W'aiikie Series is represented by the 
Lower Metabola beds and Busse Series while the L'piicr Aletabola are of 
Lpper Permian age. The Upper Karroos are represented liy Escarpment 
Grits. 

The Karroos are seen in Moz.\Mi;i(_irF. in the western part as well across 
the northern area, largely along the Zambesi basin. T.xngwyikv shows 
an exci’llcnt development of the Karroos whose eight sub-di\isions have 
been named K 1 to K 8. The First five dix isions together w ith the conglo¬ 
merates at the base are of Ecca ag<’ <uid contain coal se.ims and Glossop- 
tcris flora. The Lower Beaufort (K 6) contains f.nduthKnhin, Dicynodontia. 
Parcisanria and Dadoxylon wood. The MiddU' lle.uifort is marked by a 
hiatus whih' the Upper Beaufort (K 7) consist.s of coarse sandstones. The 
Stormberg Series is partly- fcldspatliic sandstones and marls with fos'-ils, 
and partly la\ a flows. These formations continue into Ny.xs.m, wi>. In 
BECHr.vx.XL.-XND the Karroo rocks are partly hidden under desert sands but 
e.xposures are seen in the .south-west, east and north-east. The rocks generally 
thicken in a westerly direction. Dwyka tillites, Ecca ('o.d measures with 
coal seams and Stormber.g lavas are seen. The lavas ha\ e been encountered 
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ill several boreholes underneath the desert sands. In Uganda, only a few 
small occurrences of Karroo rocks are known. A borehole at Entebbe 
went through 1,000 feet of Karroos without reaching their base. They 
gave remains of the Glossoptcns flora and only thin coal layers and car¬ 
bonaceous shale. In Kenya the Karroos occur along a strip in the east, 
being the continuation of the Tanga beds of Tanganyika. The bottom 
beds (Taru Grits) are of Upper Permian age. unconformably o\-erlying 
basement schists. They are overlain by thick sandstones and grits of 
Triassic age, the whole Permian—Trias sequence being called the Duruma 
Sandstone Series. The Triassic beds have yielded the crustacean Estheria, 
and the plant remains Dadoxylon and Equisitites. There is probably an 
unconformity between the Triassic and the Jurassic, the latter being marine 
and mainly of Bajocian to Kimmeridgian age. These have yielded corals, 
brachiopods and ammonites. The Jurassic sea was connected with the Aden 
and Cutch regions but there seems to have been some kind of a barrier 
lietween Kenya and Cutch and corhmunication might have been through 
a rather circuitous route. The fauna of Kenya and Somaliland are said 
to have more affinities with the Mediterranean Region than with Cutch and 
Madagascar. Marine Jurassics found in North-eastern Kenya extend into 
Abyssinia and Italian Somaliland. 

The Karroo System in Angola is divided into the three series, as 
shown in the accompan 3 'ing table (Table 32) : 

Table 32— The Karroo System in Angola 


.\ngoIa 

1 

Belgian Congo | South Africa 

Liinda Series ...! Upper—Dolerites 

1 Lower—Sandstones, Shales 

1 

Up. Kwango ...' Stormberg 

i 

j Upper—Sandstones witli 
; Estheria. 

Cassanje Senes | 

! Mid.—Sandstones with plants. 

; Lower—Shales witli fishes 

i 

( 

L. Kwango ...! Stormberg. 

Up. Beaufort 

Lualaba Series ! Mid. Beaufort 

i 

1 

Lutoe Series ... Lunda—black shales 
i Tillites 

I 

Lukuga Series ...| Ecca, Dwyka 

i 


The tillites, which are 10-30 metres thick, are overlain by black shales- 
containing Noeggerathiopsis and Gondwanidium. The Cassanje Series which 
comprise the greater part of the Triassic, are bright coloured and contain 
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several species of fishes in the lower part, fragmentary plant remains in the 
middle and Estheria in the upper part. The Lunda Series shows unfossili- 
ferous silicified sandstones in the lower part, while the upper part consists 
of dolerites which are mainly intrusive. 

In M.4D.vg.\sc.ar the Karroo formation is exposed along a narrow linear 
tract in the western part, parallel to the western coast. The Permo-(',ar- 
boniferous and Permian are represented by the Sakoa Series which show 
tillites, black shales and Lower Gondwana plants. A marine horizon 
intercalated in this series contains Productiis, Spirifer, etc. This is followed 
unconformably by the Sakamena Series which is of Upper Permian and Lower 
Triassic age. This shows a large number of Gondwana plants as well as 
several reptiles, the latter in the zones which are called Rhinesuchus beds 
and Tangasaurus beds corresponding to the Lower Beaufort. In the 
extreme north there are intercalated marine horizons which contain 
Xenaspis, Cyclolohus (Upper Permian) and other .Ammonites belonging to 
the Otoceras, Gyronites and Flcmiunites zones (Trias). 

The Sakamena Series is overlain by the Isalo group which has been 
divided into four units extending from the upper part of the Lower Trias 
through the Upper Trias into the Bathonian. These contain both conti¬ 
nental and marine deposits. The former show dinosaur remains as well 
as fossil wood belonging to Dadoxylon, Cedroxylon and other genera in the 
continental beds ; and Macroccplnditcf:. Anahacia, etc. in the marine beds. 
In the Jurassic there was definite marine connection between Kenya and 
Madagascar on the one hand and Kutch on the other as attested by common 
fossils which include Brachiopods, Cephalopods, Molluscs, etc. It is thought 
that during the Jurassic, East .Africa had somewhat closer connection with 
the Mediterranean region than with India probably because there was more 
easy coastal migratory routes to the Mediterranean region than to Western 
India. 


SOUTH AMERICA 

The Gondwana history of South America indicates that, though South 
Africa and South America are now separated b\- the deep and wide South 
Atlantic ocean, they had common and e.xtraordinarily similar geological 
history over a long period of time e.xtending from the Carboniferous to the 
Cretaceous. In South America the great Parana basin occupies a large 
part of central, western and southern Brazil (parts of Minas Gerais, Mato 
Grosso, Goias, Santa Catarina, Rio Grande do Sul, Parana and Sao Paulo) 
and parts of the adjoining regions of .Argentina, Uruguay and Paraguay. 
The total area of the Gondwana basin e.xceeds 1-5 million S(].km. and the 
total thickness of sediments exceeds 2,000 metres. The sediments are 
overlain by 1,000 metres of basaltic lavas, the beginning f)f the igneous 
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activity hcraldiny tile termination of the ('lOinhvana history, .^eilinien- 
tation was mainly continental (glacial, flin'iatile. lacustrine, eolian) and 
was cxtraordinarih' uniform over large areas. Tlu)U,gli this basin is 
characterised by rather localised marine mwrtebrate fauna which makes 
it difficult to make precise correlations with South .Vfrica, yet the 
Glossopteris flora and the reptilian fauna ha\'e characteristic (londA’ana 
affinities and show that the two regions ha\'e \ er\' similar geolo.gical history 
o\-er the vast stretches of time encoinjiassed by the Gondwana era. 

BR.\ZIL 

The Gondwana grouji in Brazil is called the Santa Catarina System 
divided into three major divisions. 

3 Sao Bento Senes 
2. I’assa Doib Senes 
1, Tubarao Senes 

The Tubarao Series rests on pre-Devonian granite and on the Parana 
Series containing Devonian marine fossils. The lower portion of the series 
is called the Itarare groujr composefl of thick glacial and intercalated sedi¬ 
ments which contain a Rhacopteris flora mi.\ed with elements of the 
Glossopteris floni and fish remains. There are several characteristic species 
of Gondwana plants, c.g., Gangantoplcn's, Noggentf/uopsis, Gondii a indium, 
Sphenopteris, Lepidodendron, Lycopodiopsis derbyi. etc. This is followed 
by the Rio Bonito formation containing local coal seams as well as glacial 
beds. The Palermo silts succeed the Rio Bonito formation and consist 
mainly rif silts and glacial beds. The whole of the Tubarao Senes is assigned 
to the Upper Carlioniferous. 

The marine horizons in this series occur in the south and contain a 
fauna related to the Spirifer supramnsi/iieusis zone of the European Uralian 
(Permo-Carboniferous). In the western and north-western part of the 
basin, the facies repre.senting the Tubarao Series is rather different and is 
called the .\quidaiiana formation. This consists generally of red sandstones 
and tillites the colour being clue to the oxidation of the sediments. It 
contains only rare fossils and some silicified wood. 

Ihe succeeding group of beds, which is of Permian age, is called the 
PassaDois Series whose thickness is about 1,000 feet. This comprises the 
Irati Shale formation at the base and the Estrada Xo\'a and Rio do Rosto 
groups above. The Irati Shale, which consists of black bituminous shales 
with Mesosaitrns and other reptiles is a marker horizon corresponding 
to the White Band of South Africa. At places it contains Conntaria, 
Schizodiis and other fossils which indicate a marine origin. The other 
fossils include Crustacea, fish and fossil wood (Dadoxylon, etc.). 
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Table 33—The Santa Catarina System (Brazil) 


'V O 

u S 


Bauru sandstone ( = Cama formation) 


c 


Serra Geral Volcanics and dcbcrt saiulstones 


Botucatu Sandstone (also T’lraniboia facies) 


x j Santa Maria formation (= Molteno) 

--j--Disconfonnity 

j Morro Pelado member 


X 


Kio do Rasto. ! 


j Sernnlia tormation {Solowmo)pha and Glossoptcris 
flora) 


' Terezina member (varvites —Lycopodiopsis derbyi) 


'J‘‘ I Estrada Xo\'a . 

j . Serra Alta formation {Lycopodiopsis. Lepidiodendron, 

f i Dadoxylon, etc.) 


Irati . frati Shale White Band) Mi'so.Hiuru^ 


2 

’£ 

o 


I Guata 


! Palermo Silts (partly glacial) 


■ Rio Bomto (Coal scams, local glacials) 



I 


Itarare 


' Itarare group (Impure Cdossoptens & Rhacoptens 
I floras . 3 marine horizons) 

, (Acjiiidauana facies) 

Disconformitv -- 


Parana Series 


Ponta Grossa formation 
Furnas Sandstone 


The succeeding Estrada Xova group consists of red and green shales 
and silts. This is developed mainly m Matto Grosso and South Goias. 
Its upper portion, called the Terezina Member, consists of fine sandstones, 
silicified limestones and grey-blue marls. This contains hsh remains, 
siheified trees and some lamellibranchs. The upper stage of the Passa 
Dois Series is the Rio do Rasto group which contains reptilian fossils as 
well as several lamellibranchs which may be estuarine. The flora found 
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in this includes Tiicniuptens, rhvlhithcca, (ihissoptcns, (runoomoptcns, etc. 
indicating an Upper Permian age. The Estrada Xo\ a beds are considered 
to be the equivalent of the Ecca formation of .--inuth .'ifrica and of the 
Lower Patquia of Argentine. 

The Sao Bento Series are constituted by eolian sands associated with 
basaltic flows. The lowermost horizon, which is probably of Upper Keuper 
age, is called the Santa Maria red beds which are probably the equivalents 
of the Molteno formation of South .Vfrica. These consist mainly of current- 
bedded sandstones and red shales containing Dadoxylon. Cedroxylon and 
Zuhcna (Thinnfddia). There are also reptile bones belonging to sew'ral 
genera (Khxnchocephalia, Dicyiwdonlia, Cynodontia, Pscudosuchia, etc.). 
These are regarded as somewhat later than the Beaufort reptiles, the Beau¬ 
fort period being represented in Brazil by the well marked hiatus between 
the Rio do Rasto and Santa Maria beds. 

The Santa Maria beds are succeeded by the Botucatu Sandstones 
which are red coloured and uniform in grain with stratification as in sand 
dunes. They are intercalated with some basalt flows. They are undoubt¬ 
edly composed of desert sands, being the most e.xtonsive formation in 
the Parana basin, covering U2 million sq.km, and progressively overlapping 
lower formations in a northerly direction. There arc local intercalations 
of lacustrine beds. 

The Botucatu Sandstones are overlain by the Serra Geral formation 
which are largely composed of basaltic flows with intercalations of desert 
sands. Thev form plateau-like spreads in South Brazil and have varying 
thickness, the maximum lieing 3,000 feet. Tluy continue into the North 
.\rgentine pampas and cover over I million sq.km. The basalts are of 
uniform composition and consist of labradorite, augite, some pigeonite, 
olivine and accessory magnetite and apatite and a small amount of glassy 
matter. Ophitic texture is common in the denser parts. There are also 
amygdaloidal flows with zeolites. 

Some nephelene-bearing, .syenitic intrusive and effusive rocks related 
to these are found to ha\ e cut through the Sao Bento and Tubarao Series 
in some places, though they are also largely' to be found traversing Pre-Cam¬ 
brian rocks. Some phonolites cut through the Botucatu Sandstones and 
these are mainly of Jurassic age. The Botucatu Sandstones are considered 
to be of Rhaetic age w hile the Serra Geral volcanics are Low'er Jurassic. 

In the centre of the Parana basin the lavas are covered by reptile¬ 
bearing sandstones called the Banrii Sandstones which are of Upper Cretace¬ 
ous (Senonian age). There is a distinct unconformity at the base of the 
Bauni Sandstones. 
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ARGENTINA 

The Gondwana rocks are found in the Suli-Andean belt as well as in 
the pre-Cordilleran region. In the former the Gondwanas are o\erthrust 
by Palaeozoic rocks and complexly folded and faulted. They overlie the 
Devonian unconformably. In the pre-Cordilleran region the Gondwanas 
were originally called the Paganzo System but ha\’e since been renamed 
the Patquia Formation. They are 3.000 feet thick. The basal portion 
of the Patquia is largely glacial in origin. The underlying Tupe Series of 
Lower Carboniferous age is also largely glacial but there is an unconformity 
between the two. Marine intercalations in the glacials contain a fauna 
closely related to the Spirifer sitpramosqiiensis and Enomphaliis suhcirculari'i 
fauna indicating more frigid conditions than their equivalents in the Amazon 
valley. They are referable to Uralian age. There are also plant fossils 
which contain a mixed European Carboniferous and Glossopteris flora 
similar to that of Brazil and referable to the Sakmarian. The upper part 
of the Patquia formation consists of glacial tillites, flnvio-glacial and varved 
shales. These contain a pure Glossopteris flora which extends up to the 
top of the formation and are therefore the equivalents of the Passa Dois 
Series. 

Overlying the Patquia formation are the so-called ‘ .Argentine Rhaetic ’ 
but this has now been shown to contain four floral groups extending over 
the whole range of the Triassic. These flora ha^•e the greatest affinity to 
similar Australian flora but also show fairly close resemblance to Indian 
and South African flora. These Triassic beds begin after an erosional 
unconformity. In the upper part there are reptile zones while the upper¬ 
most portion is composed of thick basaltic flows. Table 34 shows the 
succession of Upper Gondwana strata in the pre-Cordilleran region of 
Argentina. 


Table 34— Upper Gondwanas in pre-Cordilleran .Argentina 


Rhaetic 
Upper Keuper 

Lower Keuper 


Middle Trias. 


Gualo-Rio Blanco formations (400 to 1,200 m.) 

Ischigualasto-Cacheiita formations (200 to 600 m.) 
with reptile liorirons 

Rastros—Fotrerillos (400 to 700 m ) 

-“Hiatus-- 


Ischichuca—Cerro de las Cabras (600 m.) 
Famatma volcanics etc. (700 m.) 


Permo-Trias. 
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FALKLAND ISLES 

The Falkland Isles contain strata similar to those of South Africa and 
Argentina both of Gondwana and pre-Gondvvana ages. The table below gi' es 
the rough stratigraphic equi\'alents. The Gondwana System here begins 
with the Lafonian tillite (equivalent of the Dwyka tillite) which overlies 
the Bluff Cove beds of Upper Carboniferous age. The tillite contains 
both semi-angular and rounded pebbles probably deposited in a marine 
environment. The general direction of ice mov'ement appears to ha\-e been 
northriards. 


Table 

35 —The Gondwanas in F.u.kland 

Islands 

Falkland Isles 

S. Africa 

U. Triassic... 

West Lafonian beds 

r Molteno. 



\U. Beaufort 

L. Triassic ... 

Bav of Harbour beds 

M. & L Beaufort 

U. Permian 

ChoiseuI Sound and Brenton Loch 

r L Beaufort 


beds 

1 tipper M. Ecca 

L. Permian 

. . Lafonian Sandstone 

Lower 11. Ecca 

Basal Permian 

Black Kock Slates 

/L Ecca. 

\U. Dw'vka Shales 

Permo-Carb. 

Lafonian Tillite 

Dwyka Tillite 

U. Carb. ... 

. . Bluff Cove beds 

Lower Shales 

L. Carb. 

Port Stanley beds 

Witteberg Series 

M. Devonian 

Port Philomel and Fox Bay beds 

Bokkeveld Scries 

L. Devonian 

... 1 Port Stephen beds 

Table Mountain 


; 

Senes 


The overlying Black Rock Slates are of basal Permian age equivalent 
to the Upper Dwyka and the Lower Ecca. This series contains a cherty 
horizon which is thought to be the equivalent of the white weathering 
cherty zone called the “ ^\'hite Band ” in South Africa, but this horizon 
has so far not yielded any organic remains. 

Above the last formation comes the Lower Permian Lafonian Sand¬ 
stone, which is a thin bedded friable browm feldspathic sandstone w'hose 
upper portion shows alternation of sandstone and shaly bands. These 
are also unfossiliferous. The ChoiseuI Sound and Brenton Loch beds which 
consist of finely bedded silt-stones containing Glossopteris, Dadoxylon, 
Phyllotheca, etc., are referable to Upper Permian age and may be 
the equivalents of the Upper Ecca and the Low'er Beaufort beds. 

The succeeding Bay of Harbour beds and West Lafonian beds are 
thick (8,000 feet) coarse sandstones with interbedded mudstones, also 
containing several species of the Glossopteris flora. They range in age 
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from Permo-Trias to Upper Trias. Lithologicalls' tin- twi) series are similar 
hut tlic\' ha\’e been separated only on palaeohotanieal grounds. 

Basic chkes similar to those found in tlie Karroo S\’stem cut the 
Detonian and the Lafonian sediments. It is known that these are l.iter 
than the f.afonian sediniimt.s and therefore prohahK' ot Jurassic aye. I'hey 
must represent the dyke facies of the Stormbery la\as but there are no 
la\a flows in the F.dkland Isles. 


.\NT.\R( TK'.\ 

Rocks of the Gondwana St’stein coiisistmy of st'dimeiits and \dleanics 
have been found in Western .Vntarctica in the Ilojn' Bay area of north¬ 
east Graham Land and the east coast of .VU'xandiT 1 Land. In tlu' Hope 
Bay area are found coarse conglomerate, shale, rolcanic tubs and dark 
rhyolites. The lowest beds in the secpience which are yrevwackes and 
shales an' separated by an nnconformitv from tlie beds above, and contain 
iinlistmct plant fragments winch are thought to indicate a I’l'rmian age. 
But the flora pre.served in the fissile shales above the unconformity contains 
numerous species belonging to Brach\f>hyllum. Cladophlehis, Klatodadns, 
AruHcurites, Nilssonia, Otozaniitcs, Pa^iophyllum. Psendoctenis, Sphenop- 
tens, WilliamsoHia, Zainites, etc. There are also abundant representatives 
of the ferns Sagt'iiopUris in the flora, which is remarkably well preserved. 
This flora is considered to he of Middle Jurassic in age. These shales and 
the associated conglomerates are now known to extimd to the south for 
some 60 miles along the coast of Graham Land. The rhyolites of Hope 
Bav are also widespread and have been found to extend over a distance 
of 150 miles to the south. 

In .Mexander I Land, limestones, grits and shales containing rather 
badlv preseiwed plant remains have been found. The fossils include 
Ptiloplivllum and are regarded as of Jurassic age. More detailed investi¬ 
gations made between 1948 and 1952 have le<l to the collection of remains 
of plants, Gastropods, Lamellibranch, Brachiopods and .\nimonites, indi¬ 
cating an age from Middle Jurassic to the Lower Cretaceous. In eastern 
.\iitarctica (^'ictoria land) the Beacon Sandstones have rei'ealed the presence 
of shales associated with coal beds. The |>lant remains found in them 
belong to the Glossopteris flora and include (ilossoplcn's iiidica and Antarc- 
iDwhiii pricstlevi and numerous pieces of wood. These beds rest on shales 
showing fish remains belonging to Upper Uevoniaii age. It is thought that 
the succession ranges from LIpper Devonian through the Carboniferous 
to the Permian. The Beacon Sandstone is intruded by thick dolcrite 
sills. There is no doubt that the Gondwana strata occupy a much larger 
area than has been explored hitherto. 
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A general comparison of the Gondwana stratigraphy of all the abo\ e 
regions shows that there was a period of severe glaciation in the Upper 
Carboniferous and Permo-Carboniferous. The glacial beds consist of 
tillites and fiuvo-glacials and are followed by fine grained sediments or 
varvites reminiscent of slow glacial deposition. The Permian is the period 
of main coal formation in Gondwanaland and is characterised by the very 
distinctive Glossopteris flora with its numerous genera and species, wliich 
developed from the hardy survivors of the more cosmopolitan Upper Palaeo¬ 
zoic flora much of which had been wiped out during the intense cold of the 
Upper Carboniferous glaciation. The Triassic is characterised by conti¬ 
nental sediments formed under arid desert conditions. They are generally 
brightly coloured sandstones and shales showing a high state of oxidation. 
They contain the remains of amphibia, reptiles and fishes which must have 
lived in and around the gradually contracting lakes and river valleys of 
the period. The Triassic arid climate brought about a marked cliange 
in the flora, the characteristic members of the Glossopteris flora being 
replaced by the Thinnfeldia—Ptilophyllum flora. The Jurassic period 
gives evidence, at least in some areas, of tlie return to milder climate, for 
the strata contain carbonaceous material, though scarcely any coal seams. 
In large parts of South America and South Africa, however, the deposits 
of Jurassic age are desert sandstones and thick volcanics. Marine beds 
are generally absent except in the marginal regions, as in East Africa, 
Madagascar and Western India (Kutch). The volcanics are comparatively 
of less importance in India (Rajmahal volcanics). 

There is a considerable mass of data which lead to the conclusion that 
South America and South Africa were contiguous or were part of one land 
mass, as has been pointed out by Du Toit and more recently by Caster. 
The remarkable similarity and even identity of numerous species in the 
flora points to the unrestricted migration over lands which were close to 
each other and were not separated by any large w’ater barriers. Though 
the reptile and fish faunas do not indicate such closeness of relation as the 
flora, there is, nevertheless, a considerable amount of similarity between 
them. Lester King‘ has pointed out that the meagre data from Antarctica 
indicate that the gigantic escarpment seen in Queen 3[aud Land is strongly 
reminiscent of the Natal Drakensberg and that the former rcgiim was 
])robably a continuation of the Karroo basin of Africa. 

The great continent of Gondwanaland apparently began splitting up 
in the Jurassic or early Cretaceous. The vast outpourings of lavas in the 


‘ Speculations upon the outline and disruption of Gondwanaland : Geolofiical 
Magazine : Vol. 87, pp. 353-359, 1950 ; Necessity for Continental drift : 
Bull. Amer. Assoc. Petr. Geol. Vol. 37 (9), pp. 2163-2177, 1953. 
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Jurassic were a manifi'.tatioii of the tension to whirh the eriL^t was sub¬ 
jected, resulting later in the separation and drift of the continents. The 
marine Cretaceous occurring along the coasts of fndia, Western Australia, 
East Africa and Argentine show the marine transgressions which took place 
over the separating continents during the Cretaceous, I'liere are also 
evidences of some marginal foundering along the eastern coasts of Brazil, 
the western coasts of the southern parts of Africa, as well as the western 
coast of India, during the Tertiarv era. 


PHYSICAL FEATURES THE GONDWAXA AREAS 

The Gondwana strata, formed of alternations of sandstones and shales, 
give rise to topographical irregularities, the sandstones forming ridges and 
shales the vallet’s. But it is usually only the Barakar, Kamthi, Mahatleva 
and Upper Gondwana sandstones which are particularly hard. The 
Takhir and part of the Daniuda sandstones are often too soft to form 
prominent topography. Some of the best scenery in Madhva Pradesh is 
due to the fine scarps of the Pachmarhi and Kamthi sandstones. Because 
of differences in hardness, the Gondwana e.xposures constitute important 
ht’drographic basins. 

The Takhirs and Barakars form jioor soils and generally support only 
sparse vegetation. The uncler.scarps of the sandstones and the shales 
support good r-egetation and may be forest-clad. The ferruginous sand¬ 
stones of the Kamthi and Mahadc\-a Scries form more or less flat-topped 
hills on which a fair amount of vegetation flourishes, but the forests are 
usually not dense. 

STRUCTURE OF THE GONDW ANA BASINS 

The Gondwana rocks occupy tectonic troughs with faulted boundaries 
arranged along linear zones, the magnitude of the faults on the two major 
sides being very unequal. This has the effect of producing a dip of the 
strata towards the faulted side with the greater throw. Thus, in the 
Gondwana belt of the Damodar valley, the faults run E.-W. and the strata 
dip generally towards the more faulted southern boimdar}'. 

In the Pranhita-Goda\-ari \'alley the direction of the faults is roughly 
N.W.-S.E. and the dip of the strata is towards the north-east. In the 
Chhattisgarh-JIahanadi ba.sin the trend of the faults is N.Wk-S.E., the 
Gondwana strata lie mainly to the north-east of the major faults and dip 
to the south-west, while those l\-ing to the south of the faults dip towards 
the north-east. In all cases the major faults conform to the direction of 
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strike of the gneissic country rocks. In addition to the major trough fault¬ 
ing which forms the boundaries of the various coalfields, there are also 
numerous other faults which cut across the strata. The age of the trough 
faults has not been determined but they are sujjposed to be partly contempora¬ 
neous with the deposition of the Lower Gondwanas but largely post-Lower 
Gondwana, near the margin. In almost all the coalfields one side of the 
trough is much shallower than the other and may even be unaffected by 
faulting ; for instance, in the Kaniganj coalfield, the northern boundary 
shows the strata in an undisturbed condition of original deposition without 
any faulting, while the southern side has a throw estimated at 9,000 ft. In 
the Jharia coalfield the southern boundary fault has a throw of some 5,000 ft. 
In some of the basins a certain amount of unconformity and overlap m ly 
be seen in the strata towards the margins. The present coalfields are 
generally the remains of much larger basins and they owe their preserva¬ 
tion from denudation to the trough faults. The strata generally dip at 
a low angle but they may show higher inclination near faults and intrusions. 
Most of the faults within the basins are of normal type, but some are tear, 
sag or hinge faults. They are generally referable to two major groups, 
one set trending M’.X.W.-E.S.E. and tlie other W.S.W.-E.N.E., the first 
set being generally the more prominent. The chief direction of faulting, 
especially in the eastern coalfields, is E.N.E.-W.S.W. The age of the fault¬ 
ing in the Damodar valley coalfields is generally post-Panchst and pre- 
Mahadeva and in some cases post-Mahadeva. In the Godavari valley 
the faulting appears to be pre-(.'hikiala. There are also post-Deccan trap 
faults in the Satpura area. 

The dolerite dykes intrusive into the Low'er Gondwanas in the coal¬ 
fields of the Madhya Pradesh are related to the Deccan Trap. In the 
eastern coalfields the dolerite intrusions are considered to be related to the 
Rajmahal traps. It is thought that the Deccan traps originally e.xtended 
to as far east as Lohardaga in the Ranchi district where the outliers have 
been completely lateritised. If the Deccan traps did extend so far out, it 
is not unreasonable to argue that dykes connected with them may also have 
extended into the Damodar valley coalfields. .\s the Rajmahal and 
Deccan traps have practically identical microscopic and chemical charac¬ 
teristics, so far as known, the only way to distinguish them would be with 
the help of trace elements. The lamprophyre dykes and sills are also of 
much the same age, but as they are present only in the Damodar valley 
and Himalayan coalfields their origin should be sought for in eastern India. 
They appear to be more or less conte nporaneous with the Rajmahal traps. 

Most of the Gondwana basins in the Peninsula are free from folding 
disturbances though occasionally such are to be found near the more 
pronounced faulted margins of the troughs. In the Himalayas, however. 
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the Gondwanas ha\'e been severely affected by the Tertiary mountain 
building movements. The Gondwanas in Sikkim, Bhutan and other Himala¬ 
yan areas are thrust o\Tr the Siwalik rocks and are in turn overthrust by 
Palaeozoic rocks and ciystalline schists. In consequence, the coal seams 
in these have suffered crushing and have been coiwertcd into seini-anth- 
racitic material. 


CLIMATE AND SEDIMENTATIOX 

The Gondwana era was initiated b}- a glacial climate during which a 
vast continental ice sheet covered a large part of Gondwanaland. So far 
as India is concerned the ice sheet may ha\ e covered Rajasthan and Central 
India as well as the Eastern Ghats area. Glaciers appear to ha\-e flowed 
out from Rajasthan towards Salt Range where the Takhir Boulder-bed 
overlying the Cambrian succession or the Speckled Sandstone, contains 
pebbles and boulders derived at least in part from Rajasthan. The boulder- 
beds of roughly the same age, which ha\-e been found in the Kashmir- 
Hazara region, in the Simla hills, in the Sub-Himala\’as of Sikkim, Bhutan 
and further east, apparentlv mark the northern limits of Gondwanaland at 
that time though some of these may ha\-e travelled considerable distances 
towards the south from their original position because of overthrusting. 
It is likely that most of the boulder-beds in the above-mentioned areas 
were laid down by glaciers in the sea. 

The Takhir boulder-beds in the Damodar valley contain large quanti¬ 
ties of quartzites and gneissic rocks, the former having a great resemblance 
to the Mndhyan quartzites in Son valley to the N.W. of the coalfields. 
It is therefore likely that these materials may have travelled towards east 
or south-east from the ^'indhyan highlands. The boulder-beds in the 
Godavari valley coalfields are supposed to contain rocks derived from the 
Eastern Ghats region. Much further work is necessary to determine the 
exact nature and composition of the boulders in the various boulder-beds 
to trace their source and to understand the direction of movement of the 
glaciers which transported them. 

The climate gradually warmed up during the Takhir period when- 
fluvio-glacial sediments and varr ed clays were laid down. The prevailing 
greenish tints of the rocks indicates that the climate was still quite cold. 
Though there are plant impressions in the beds immediately overlying 
the boulder beds, the flora was apparent^ still scanty during the Takhir 
period. 


In the Damuda period the climate was definitely warmer and more 
humid and permitted the growth of luxuriant vegetation. An enormous- 
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amount of \'egetation was carried by streams into the swamps and lake 
basins to form the coal beds. This period markeil the zenith of develop¬ 
ment of the Glossopteris flora, for we find the Raniganj bi'ds in Bengal have 
5 'ielded the largest number of genera and species of the Gkjssopteris flora. 

The Damuda Series attains a total thickness of over 6,500 feet in the 
eastern coalfields of the Uaniodar valley but their original thickness may 
have been appreciably larger. This scries becomes thinner when followed 
westwards into the Karanpura field and further west. The strata consist 
of sandstones containing kaolinised feldspars followed In' shales and then 
by coal. The succession is repeated many times and during the whole 
of the Damuda period there may ha\’e been as many as 50 or 60 c\ cl(‘s of 
sedimentation. The Barakar strata in the Jharia coalfields contain at 
least 25 coal seams each being a part of a sedimentary cycle. This would 
have been possible only if there were repeated sinking of the basin of sedi¬ 
mentation. The nature of the flora as well as the pre.sence of undecom- 
posed or partly decomposed feldspars in the sediments indicate that the 
climate was cold temperate. In the eastern coalfields which ha\'e been 
studied in some detail, it is seen that the coal scams as well as the associated 
strata generally thicken in a westerly direction. The seams are more 
numerous and less pure in the west than in the east, and also split up into 
thinner seams westward. These indicate that the source of the sediments 
was somewhere in the west and that the basin of sedimentation was deeper 
and quieter towards the east. The drainage seems to have flowed from the 
west to east in the Damodar valley. It probabl}' found an outlet into what 
is now the head of the Baj- of Bengal or in the north-cast where there are 
several small coalfields in West Bengal and Santhal Parganas. Indeed, 
Blanford has suggested that the coal-bearing rocks might e.xtend under 
the Gangetic alluvium into the Himalayan region of Sikkim which must 
have been the limit of land in the Damuda times. In the case of the 
Godavari valley, it would appear that the drainage was in a north-westerly 
direction towards the tract which formed an arm of the sea e.xtending 
from the Cambaj’ region along the Narmada valley into Madhya Pradesh. 
It is thought likely that a reversal of drainage towards the east 
and south-east took place along the Godavari and Mahanadi \ alleys in 
the Jurassic when Upper Gondwana sediments were fleirosited along the 
coast of Orissa and Andhra States. However, detailed studies hav'e yet 
to be made for determining the source of sediments and the history of the 
drainage systems during the Gondwana era. 

In all the Gondwana coalfields of India the available evidence points 
to the fact that the vegetation had travelled some distance before being 
deposited ultimately to form coal. In no case has anv upright tree stem 
been found in the coal seams nor roots extending into the under-clay. 
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It is true that stems are found but they generally he more or less flat on 
the top of the coal seams. Most of them are silicified except the cortical 
portion which has been carbonised. Owing to pressure the stems have 
generallv been crushed to an elliptical section and they indicate that they 
have drifted from the place where they originally grew. The nature of the 
coal seams also are indicative of their ' drift ’ origin. .411 Gondwana coals 
contain high ash and even the best seams contain not less than 5 or 6 
per cent. ash. The ash is inherent in the coal, being more or less uniformly 
distributed in the coal matter and therefore very difficult to eliminate by 
ordinary washing processes. Regarding the proportion of coal to the 
strata in which they occur, it may be said that it is generally high. In 
the Barakar stage of the Damodar valley coalfields, the proportion of coal 
to strata is roughly 1 to 8 or 10. In the Ranigaiij Series the proportion is 
less, ranging from 1 : 20 to 1 : 35. Some of the seams in the Barakars are 
very thick, as for instance the Kargali and Bermo seams in th? Bokaro 
coalfields, which have thicknesses of 50 to 100 feet, and the Korba seam 
in the Korba coalfield which is over 100 feet thick. In the south-eastern 
part of the Jharia coalfield the coalescence of several seams has produced 
one seam which is 85 feet thick. 

The coal-bearing rocks of the Godavari valley are apparently continued 
underneath the Deccan traps into the Badnur and Chhindwara areas. 
There is little doubt that coal-bearing rocks are present underneath the 
Deccan traps, in an area of many square miles, but no serious attempt has 
so far been made to investigate them. It might be possible to undertake 
a search for these with the help of geophysical methods of prospecting for 
it is not unlikely that seismic wave velocities in the Barakars may be 
sufficiently distinctive to mark them off from those in the Deccan traps 
or in the basement rocks. 

Even during the upper part of the Damuda period, the areas outside 
the Damodar valley seem to have experienced a somewhat drier climate 
for we find the Kamthis, which are the equivalents of the Raniganj Series, 
being composed of reddish ferruginous sandstones. They are generally 
barren of coal seams and only rarely show some streaks of carbonaceous 
matter. 

The succeeding Fanchet Stage definitely marks a change of climate. 
There is slight unconfoiTnity between the Raniganj and Panchet beds in 
the Raniganj coalfield and probably in other areas. The Panchets enclose 
practically no carbonaceous matter and appear to have been laid down in 
flood plains and shallow lakes. The presence of labyrinthodonts in them 
indicate a period of gradual drying up of the sedimentary basins. 
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The 3Iahade\-a Series,' rejiresenteJ by the ■ .supra-Paiichet and the 
Pachmarhi beds which arc of Middle to Upper Triassic age, are definitidy 
sediments of an arid climate. They consist of ferruginous sandstones 
often with thin layers of hematite and are entirely de\ oid of carbonaceous 
matter. There is a hiatus between the Panchets and the IMahadevas tliough 
its magnitude is at present a matter of conjecture, .Vfter this, in the 
Jurassic, there is an indication of a return to more ta\ ourable and moist 
conditions. The Glossopteris flora practically died out duriipg the drv 
period of the Triassic and a new flora (Thinnfelilia—Pt\loph\llum flora) 
gradually established itself in the Rajmahal times and continued well into 
the Cretaceous. During the Rajmahal times, however, the I’artli's crust 
seems to have experienced tension in Goiidwanaland resulting in tlie out¬ 
pouring of \-ast ijuantities of lavas and \olcanic materials which attain 
great magnitude in South .\frira and Nmth America. In India, the \-olcanic 
acti\-ity of this period is coniineil to the are.i at the liead of the Ganges 
delta m the Rajmahal lulls, but dykes and sills connected with these vol- 
canics appear in some of the coalMelds of the Dainoihir wilkw including 
Karanpura, Auranga and Hutar. The comparatU'ely humid conditions 
of the Upper Gondwanas .seem to have continued with perhaps slight varia¬ 
tions, during the rest of the Gondwana era for we find the same flora in the 
Umia beds of Cutch which are of Middle Cretaceous age. But the coal 
seams formed during this period are of practically no importance, being thin 
and unworkable. 


PEKMO-CAKBOXlFEROUb FLOR.\S 

Prior to the Middle Carboniferous, a considerable degree of uniformitv 
is to be seen in the flora of the different parts of the world. These floras 
began to differentiate into local groups only from the Middle Carboniferous 
onwards. This was possibly the result of the Hercyman orogenv. With 
regard to Australia, Walkom^ has identified a succession of three distinct 
floras in the Carboniferous and the Permian, consisting of , 

(1) The Lepidadendron vdthcimianiim flora of lower Carboniferous 

age. 

(2) The Rhacoptcris flora of Lower to Middle Carboniferous age 

characterised by Rhacopleris. ('ardioptci is. XotXi^rra/liia, 
Adianlitcs, etc. This is already differentiateil from the 
Eur-American flora of Carboniferous age which contains 
Xciiroptcris, rccoptrris, Aldhoplcris. etc. 

^ Walkom-V B. Tho ^ucccS''lOIl of Carl>onifun>U''an>I Ptu nnan ilAiax m \iistralia. 

Proc. Roy. Soc S SAW, 78 (i/2), pp 4-J3, 1944. 
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(3) The Glossoptcris flora commencing from the Permo-Carboni¬ 
ferous and attaining its maximum in the i’ermian. This is 
cntirelv different from the Rhacopteris flora. 

The Permian and Permo-Triassic contain four distinct floras each with 
its own region of distribution. They are as follows :— 

(1) The Eur-American Flora which is the best known of the four, 

occupied the eastern United States and the whole of Europe 
as far as th(' Ural mountains, Turkestan and Iran, Its area 
is now separated by the North Atlantic. 

(2) The Angara (Kuznetz) Flora which occupied Asia to the east 

of the Urals, down to the Pacific coast and to the north of 
Korea and ^Mongolia. 

(3) The Cathaysian (Gigantopteris) Flora. This extended from 

Korea and northern China southwards into Inclo-China, 
Thailand and Sumatra in Asia, and into western North .America 
down to Okhlahama and Texas. Its western border was 
in Kansu in western China. Its area is now separated by 
the North Pacific. 

(4) The Glossopteris Flora which prevailed over all the present 

southern continents and also India. The area of its distri¬ 
bution is now widely separated by the Atlantic and Indian 
oceans. 

.\s already stated, the Eur-American flora has been well studied and 
the best known, the characteristic members being Lepidodendron, Pecop- 
tcris, Neuropteris, etc. It met the Angara flora in the Urals region and the 
Cathaysian flora in western China and Chinese Turkestan. Its western limit 
was in south-eastern United States. 

The Angara flora characterised the Asiatic region known as Angaraland. 
In the early stages it occupied only part of Siberia but extended gradually 
down to the Pacific coast and as far south as the Nanshan mountains in 
China where it displaced the Cathaysian flora. Its characteristic members 
are PsyfimophyUnm, Callipieris and Czekanou^’skia, but it contains some 
elements of the other floras including even the Glossopteris flora which 
latter is supposed to have travelled through a land bridge over Kashmir 
and the Pamir region. 

The Cathaysian flora, typically developed in Shensi, is found in Korea, 
the greater part of China, Indo-China, Thailand, Malaya and Sumatra. 

In the earlier stages it had much affinity with the Eur-American flora but 
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gradual!}- de\-floped its own charactt-rLstic elements in the latiT -tages— 
Lobatannularia, Prolnblcchnmn, (ji^untoptens, Sapuytiifa. Chiroplcris. Tin^ia 
etc. The best known species of this flora, viz., (ii^aiitnplvi-is nicotinac- 
folia, developed in the Middle Permian. This flora extended along the 
Pacific coast of Asia and over the Bering Straits into westiTn North America. 
It met the Eur-American flora in Chinese Turkestan and the Glo.ssoptens 
flora in western China as well as in New Guinea. It was gradually sw.unpt'd 
in the later stages by the Angara flora which spread down to the Pacific 
coast of Siberia and into north-western China. 

The Glossopteris flora is the purest of the four, for it contains the least 
admixture with the other floras. It must hav-e been deriveil from the few 
elements which survived the Permo-Carboniferous glaciation of the southern 
hemisphere. Spores of Glossopteris and other genera are found in the shales 
associated with tillites. It probably originated in .\ntarctica which 
apparently occupied the central region of Gondwanaland. The earliest 
members of this flora to rqiix-ar in India are Gou.i^nuiopteris cvcloplcroides, 
Glossopteris indica and Nocg^crathiopsis, in the Talchirs. In the succeeding 
Karharbaris these continued, while Gondivanidinm and Bitriudia appear, 
as well as Schizonciira, Ottokaria, Cordaicarpns, etc. The flora attained 
its best development in the Raniganj period which contains the largest 
number of species. The majority of the plants are Pteridosperms, with 
practically no Filicales and only a few Conifers. The flora began to die 
out during the Panchet and most of the species disappeared during the 
succeeding Mahadeva. Thinnfddia (Dicroidium) appeared in the Panchet 
while Ptilophyllum, Williamsonia, Cladophlcbis, etc., appeared in the Raj- 
mahal times. Only a few species of Glossopteris, Phyllotheca, Dadoxylon 
and Schizoneiira continued into the Upper Gondwanas. The Cycadophyta 
attained their full development in the Upper Gondwana, while Filicales and 
Conifers also became important. In the later stages appeared Elatocladus, 
Brachyphyllum, Araucarites, etc. which continued well into the Cretaceous 
in the Umia Series of western India. 

Most of the Mesozoic Gymmosperms and Cycadophyta have since 
disappeared. The Angiosperms began to appear and gained importance 
in the Cretaceous, being now the dominant plant group. 

The Tethys separated India from the regions of western and southern 
China, Burma and Malaya which at jircsent are its close neighbours. The 
only land connection between India on the one hand and China and Angara- 
land on the other in Lower Gondwana times was through the volcanic 
islands (of Panjal Trap) which appear to have been present in the Kashmir 
region. These lands came close together only in the Cretaceous and 
Tertiary when the Tethys was obliterated and raised into a mountain belt. 
This explains the absence of any inter-mingling of the Permian floras 
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acrijSb north-eastern Inrlia ami the verv (litterent ,t;( (ilot;ica! histoiA' of 
S.^\’. China, Burma etc., diinnc: the Mesozoic. 


ICALAEOGEOGRABHY OF THE GOXDW.VXA ERA 

The similarity of tlie lithology and fossil contents ot the Gondwana 
deposits in the southern continents is so great that it has been suggested 
bv Wegener that South .Africa, Madagascar, Imlia, .Australia, .Vntarctica 
and bouth .America formed parts of a continent which lay in the region 
of the Indian Ocean around what is now South .Africa. India then probably 
lay alongside East .Africa and Madagascar, and .Australia to the east or 
south of India, bouth .America was joined to South .Vfrica. .Vrgentina 
curying round the Cape of Good Ho]v. The southern part of this continent 
was .Antarctica. .Australia seems to ha\'e dnfteel apart in the Upper 
Jurassic when the Bay of Bengal more or less took its present shape, ."south 
America was severed from Africa probably about the same time, following 
the period of tension in the crust indicated by the eruption of the Stormberg 
and Serra Geral volcanics, India began to drift northward or north¬ 
eastward, perhaps in the late Cretaceous, The different phases of the 
Himalayan upheaval may be looked upon as active phases of this drift 
and undertlirubt of India into the Tethyan re.gion. These drifts should be 
e.xpected to have been accompanied by the breaking off and foundering 
of some chunks and strips which formed the peripheral portions of the 
present units of the southern continent. Though there are many gaps in 
our knowledge and certain details are difficult of explanation, yet Wegener’s 
and Du Toit’s conception of continental drift gives an interesting explanation 
of the geological histor\- of Gondwanalaiid. There is already a large 
literature on this subject and the reader is referred to the works of Wegener, 
Du Toit, Caster and others for further information. 

.At the commencement of the Gondwana era m the Indian region, 
there seem to hai’c been two ehwated regions from which glaciers radiated. 
These were the .Aravalli Range—Central India and the Elastern Ghats, 
for both of these were apparently uplifted in post-\hndhvan times, since 
the A'indhyans of Rajasthan and Central India as well as the Cuddapah 
basin of the Chhattisgarh region have both suffered compression and dis- 
turbanci' in pre-Gondwana times. From the Rajasthan—Central India 
highlands glaciers carried boulders to the Salt Ran.gc, Hazara and Kashmir. 
The boulder beds of Eastern India most proliably derived their materials 
from the Eastern Ghats. 

.A series of linear faults seem also to have been developed in Gondwana 
times along the Goda\-ari willey and the Mahanadi valley. These, it will 
be noticed, are parallel to each other and lie amidst ancient rocks having 
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nearly the same .strike as the direction of the faults. Another line of faults 
seems to have stretched from Rewa eastwards to ISenyal as well as west- 
south-westwards m the direction of Gujarat. 

('. S. Fo.x has shown that the draina,ti;e of those times in the Goda\ ari 
and Mahanadi basins was north-westward, anil that m tiu' Damod.ir 
valley eastward. The one to the west of Rewa may have had an outlet 
towards Gujarat, roughly along the iircsent .\armada \-alIe\'. I'his and 
the Damodar basin are roughly ]iarallel to the Satjinra strike. If such 
were the case, the Narmada trough would ha\'e extended across the southern 
end of the Arav'allis into Kathiawar and Kntch. To the west of the Deccan 
plateau the land continued and may haw been connected directly with 
Madagascar and East .Africa. Western Rajputana, ^ind and Western 
Punjab appear to have been a marine area connected to the Salt Range 
on the one hand and through the Narmada trough to I'maria on the 
other, for as we have seen, there are /’/'iii'fac/a.s-bc.u'ing marine beds of 
Lower Permian age in both these areas. 

Fo.x has postulated, at the suggestion of I'ennor [Mem. 58, Plate 
10), a marine connection of the .Salt Range across the .\ra\-allis. the Ganges- 
Jumna valley and Bundelkhand to I'maria. This is difficult to accept 
in view of the fact that this connection lies right across the Northern 
Aravallis, the Bundelkhand plateau and the Kaimur range, all of which 
were high lands and remain ekwated to this day. and which show no traces 
of rocks younger than the \’indhyans. Hence the more probable connection 
appears to be through the Narmada valley, Kutch ami Western Rajputana. 
All of this area is now covered by rocks younger than the Lower Gondwana 
and there seems to be a likelihood of yet finding marine Lower Permian 
beds at the base of the Barakars in the Narmada drainage region. .\ new 
e.xposure similar to the Umaria one and some miles to the west of it was 
discov'cred in 1954 by S.K. Ghosh [Sci. and Cult. 7.9, 620, 1954;. 

It is known that the Conularia and Eurydesma beds of Kashmir ha\ e 
their counterpart in Eiastern .Australia which shows that these .ire.is must 
have had direct marine connection. Fox has suggested that tins might 
have been through Eastern Nepal and the present Gauge-- \ allev {Mem. 58, 
Plate 10). This is mostly unlikely for the following reason. .\t this period 
the Tethys exteiifled right along the site of the present Himalavan axis, 
with which the Salt Range sea was undoubtedly connected. Now, boulder 
beds of Talchir age occur in Hazara, Kashmir, Simla. Garhwal, Sikkim 
(Lachi and Rangit valley) and Eastern Himalaya. Marine I’ermian 
rocks containing Tethyan fossils occur in Sikkim, Snbansiri \ alley and 
Daphla hills along the northern border of India and in some of the islands 
■of Indonesian .\rchipelago. The Satpuras and the Eastern Ghats continued 
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into the region of the Assam plateau. The marine connertioii mu^t therefore 
har’e been logically through the Hiirinese-Amlaman arc' whu'h is now 
accepted as the eastern continuation of the Tethvs. 

To the east and .south-east of fhe Eastern tfhats there was iire.siiin ibly 
land during the Lower Gonrlwana times. There is, liowe\'er, considerable 
uncertainty as to which unit of (rondwanaland was contiguous to India, 
whether it was Australia or Antarctica. The probability is that .Vustraha 
lay to the south-east and Antarctica to the south. 

The Permo-Triassic period was one of e.vfensive land conditions and the 
arm of the sea occupying the Narmada trough was gradually being filled 
up by fluviatile sediments. In the Jurassic era e.'ctensive faulting 
occurred along the eastern part of India, giving the cast coast more or less 
the present configuration, for we see that estuarine or lacustrine Jurassic 
deposits and some marine rocks of late Jurassic or early Cretaceous age 
occur at several places from Cuttack southwards to Trichiuopoly and 
beyond. The coast line, it will be noticed, is parallel to the strike of the 
rocks of the Eastern Ghats between the Mahanadi and the Krishna, and 
of the Dharwarian and gneissic rocks of the Nellore-Madras region, but 
perpendicular to the strike in the southern end of the Peninsula beyond 
the Cauvery \-alley. 

There was at this time a large sea occupying Kathiawar, Cutch and 
Western Rajputana, connecting with the Tethys through the Salt Range 
area. The faunal difference between the Tethys and the Western India 
sea may be attributable to the marine connection not being free enough to 
allow unrestricted migration and intermingling of the fauna. In the main 
Gondwana basins of the Rewa-Satpura areas, Jurassic rocks (Jabalpur 
Series) were deposited in large lakes and in estuaries connected to the 
Narmada sea. It is probable that these basins dried up at the end of the 
Jurassic. 

In the early Upper Jurassic times (Bathonian-Callovian) there was a 
retreat of the sea in north-western India and perhaps also in the Tethyan 
area. But the Kutch-Rajasthan area was inundated and thick sediments 
were deposited therein. The world-wide Cenomanian transgression saw 
the sea ad\ ancing in Assam and parts of the eastern coastal areas. 

There now remains the region of Nepal-Kumaon Himalaya to consider. 

The shape of the \dndhyan outcrops north of the Son-Narbada \’alleys 
suggests that the \ indhyan sea e.xtended northwards into the Simla- 
Garhwal-Nepal region. Its deposits are the Simla Slates, Chandpurs and 
similar rocks in Nepal. The boulder-beds of Talchir age (Blaini) at several 
places along the Himalayan foot-hills suggest that in Upper Carboni- 
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ferous timi'S the shore line was somcwliere in the Li'sser Himalaya reyion. 
The post-Blaini rocks are the Jnfra-Krol, Krol and I'al Series wInch may 
represent any age from the I’ermian to Jurassic. I'lie Krol Limestones are 
undoubtedly marine and often doloniitic while the I'.ils consist of current- 
bedded quartzites with fraginentar 3 - luolluscan remains. The practically' im- 
fossiliferous nature of the beds, amidst which are found foetid limestones, 
dolomites, gypseous limestones and pyntous shales, seems to indicati' that 
this marine basin was more or less cut off from the open Tethys (the deposits 
of the latter being fossiliferous) and was under contlitions soniew hat similar 
to those e.xisting in the present-day Black Sea where the se.i-bottom is 
devoid of life. The barrier between this sea and the 'Tethys ma\’ have been 
thrown up by the Hercjaiiau revolution. 'This marginal arm of the sea 
probably disappeared in the Triassic or Jurassic. The historv of the area 
is very obscure and may well remain undecipherable because of the unfossili- 
ferous nature of the beds and the stiqiendons ('haiiges in the I ertiary era 
which affected the region, when the strata were pimbled iij) bv thrusts and 
nappes and intruded by igneous rocks. 


bXONOMfC i\IlXKR.\LS IX TIIK GOXI)\V.\XAS 

Clays .—The main importance of the Gondwana .S\'stem centres around 
coal, but there are al.so deposits of various types of clav'', 'The coal seams 
are often associated, especially m the Barakar Stage, with import,int beds 
of fire-claj' which are worked fur the manufacture of refractory bricks. 
Other types of clay available from the Gondwana strata are useful for 
making bricks, pottery’, terra cotta and china-ware. I-'actories utilising 
cla\’ of various descriptions are situated in the Kaniganj, Jharia and Jabalpur 
areas. Fuller's earth is obtained from the Jabalpur and Katni areas 
while the Upper Gondwanas near Madras contain bentonitic days with 
bleaching properties. White clay and moulding sand are obtained from 
Mangalhat in the Rajmahal hills. 

Sandstones. —The Barakar. Raniganj, Kamthi and I’aehm.irhi 
sandstones are used locallv as biiildin.g material, though tiuw aie not, in 
general, comparable in ijuality to ^'mdhvan sandstones, Thi' .\hmednagar 
Sandstone of Idar State has been irsed m the delicate tnicerv that adorns 
the mos<iues of .Mimeilabad. .V .sandstone of sati.sfactorv dnrabilitv is the 
Athgarh Sandstone which has been employed to some extent in the magni¬ 
ficent temples of Pun, Blnn-aneshwar and Konarak. It is fine gr.iineil 
and is suitable also for car\'ing. It is in the .\thgarh Sandstones that the 
caves at Khandagiri, near Bhuvaneshwar, have been car\ed out. 'The 
Tirupati sandstones and the Satyavedu sandstones have also been used for 
building purposes. 
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Tht' Barakar sandstones are also, in places, suitable for making 
millstones and abrasive stones. They may occasionally also ser\'e as sources 
of good quartz sand if the impurities are small or could be easily sejiarated. 

Iron-ore. —The beds of sideritic iron-ore and their oxidised outcrops 
occurring in the Ironstone Shales of the Raniganj coalfield have been 
worked as iron-ore for the blast furnaces of the Barakar Iron Works and 
its successor the Bengal Iron Co. Similar ironstones occur also m Aiiranga 
and Hutar coaltields. Pockets of hmonitic iron-ore and of ochre are also 
found in the red sandstones of Kamthi and Mahadeva age. The reserves 
of ironstones in the Raniganj coalfield may be estimated at about two 
thousand million tons. Thev contain about 40 to 45 per cent iron and 16 
to 19 per cent silica and are of a low grade compared to the rich hematite 
ores in the Iron-ore Series of Singhbhuni-Keonjhar-Bonai. 

Coal. —Most of the coal in the Gondwanas is found in the Damuda 
(Damodar) System, i.e., both in the Barakar and Raniganj Series, the former 
being the more important one. Coal seams occur also in the Kota, Chikiala, 
Jabalpur and Umia Stages but they are of small extent and thickness and 
generally of inferior quality. 

Coal seams are dei'elopcd in practicallv all the areas where the Barakar 
Series occurs. Raniganj Series coal is importnt only in the Raniganj 
coalfield though found also in Jharia, Bokaro and a few neighbouring 
fields. Coal of Jabalpur age is found as unimportant seams in the valley 
of the Hard ri\-er, and of Kota and Chikiala age in the Cioda\'ari drainage 
area. Thin seams occur also in the Umia beds of Cutch. 

Coal consists of carbonised remains of \egetation accumulated either 
111 situ or transported by \iater and deposited. Practicallv all Indian coal 
seems to be of the latter type. Chemically it consists essentially of carbon 
and hydrogen with subordinate amounts of oxvgen and nitrogen. These 
are combined in r ery complex ways. Coal is usually banded, the bands 
being dull and bright. The dull bands are composed of dumin which is 
organic matter mixed with extraneous mineral matter which latter con¬ 
stitutes the ' ash ’ of coal. The bright bands known as vitraiu are much 
purer and are high m volatiles. There are two other constituents also, 
one being cUirain, a silky or satiny looking material, and the other fitsatn 
which looks like soft friable charcoal and soils the hands when handled. 

For ordinary commercial purposes it is necessary to haye a knowledge 
of the proximate composition of coal, determined according to certain 
standardized empirical procedure. In this the moisture, yolatile matter, 
fixed carbon and ash are determined. The calorific yalue, either in British 
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rhcrnial Units (pt-r lb.) or in P'alorios (per kilogram or lb.I is also generally 
found, as well as the caking tendency. The colour of ,ish gu’es an iilea of 
the amount of the iron jire.sent and indirectlv its tendeiicx to clinker on 
grates when burnt. It is necessarv also to know the jvacentage of phos¬ 
phorous and sulphur prc.scnt, and the form (pyritic, siilph ite or organic) 
in which the sulphur occurs. 

The ultimate analysis determines the percentage of elements present 
(O, H, C, N) and is useful in evaluating the suitability of the coal lor cerfain 
purposes, particularly in the chemical industry. 

The general characters of coal of the Ikirakar anil Kanigaii] stages 
are shown below :— 


Barakar K’aiiia,ui| 

Lew inoistmv ( I to 3 per Cent! . Hieli nn'istiiri' i.t M S ]>i i i-i nt o' moo 

Low volatile (20 to 30 per cent) Hieh volatile (30 to 36 ivr ci iiU. 

High ti.xed earhon (56 to 65 p- r i ‘'iti . .Medium li.\ed i arlion i50 to 60 )>''i' ' eiiti 

L.NCollent .steam coal and olten e.scellent <lenendl> )iociiIv caking, ihouuli some arc 
coking coal nioderalelv so , good gas i o.d and king 

lla'nie steam i oal 

The classification adopted bv the I'o.il (bkiding Hoard in India is used 
for trade purposes. The scheme in use is shown m fable 37. 

Most of the Gondwana coals are good steam and ,gas coals, none being 
anthracitic. In the Himalavas, however, the coal has generally been 
crushed bv earth movements and is in consequence low in moisture and 
volatiles, but \erv friable. The be^t coking coals are jiractically confined 
to Jharia, Giridih and Bokaro hehls while some from the Ranig.inj and 
Karanpiira fields are .svini-coking and can with advantage be blended with 
Jharia coal to vield good coke. .\ part of the coal in (iiridih is exceptionally 
good, being very low in phosphorus and useful for the mamifaetiire of ferro¬ 
alloys. 

In the Bengal and Bihar liekls, where a large number of seams lie 
one over the other, it is found that the lower seams are generalh’ higher 
in fixed carbon and lower in moisture and volatiles than the ones alime, 
which may be explained as due to the effect of pressure and rompaction. 
When a region is subjected to folding, as in the Mohpani field of M.idlu'a 
Pradesh, the.se effects are still more marked in comfiarison with .i neigh¬ 
bouring field. 
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Tabli: 37.— Coal Classification (Indian Coal (T-kadina; Hoard) 


Grade 


Low volatile 


volatile 


Selected .. t'p to 13 per ct'nt ash 

Over 7,000 cal 


Vp to 11 per cent ash 
Over 6,800 cal 


Grade I 


13 t'> 15 p<‘r eiii a-^h 
Over 6,500 cal. 


11 tn 13 per cent 

Ovvr 6,300 cal 

Under 9 per cent moisture 


Grade II .. i 15 to 18 per cent ash 
I 0\'er 6.000 cal. 


Grade III 


Inferior to the above 


13 to 16 per cent asli 
1 Over 6,000 cal 
Under 10 per cent moisture 

Inferior to the above 


GONDWANA COALFIELDS OF INDJ.C 

As already mentioned, the coalfields are found along certain linear 
tracts and can be divided into groups. The names of the fields given 
below are those shown on the map accompanying Fox’s ‘ Lower Gondwana 
Coalfields of fndia ’ (.\fcin. 59). 

Himalayan area.— .-Vbor, Miri, Daphla and .\ka, Bhutan hills, Buxa 
Duars and Uarjecling. These fields are of little economic importance 
as the}' are inaccessible and the seams are folded, faulted and crushe 1. 

North Bengal. —Hura, Gilhuria.Chuparbhita, PachwaraandBrahinani. 
These are all small and unimportant. 

Damodar valley. —-riie northern group includes Kimdit Kuraia, 
Sahajuri, Jainti, Girdih (Karharbari), Chope, Ttkhuri and Daltonganj. This 
is much less important than the southern group which includes Raniganj, 
Jharia, Bokaro, Ramgarh, North and South Karanpura, Auranga and 
Hutar. These are at present the most important producing fields and 
contain almost all the coking coal reserves of the country. 

Madhya Pradesh (Eastern group).—In this area the middle series of 
the Gondwana System are well developed and the coalfields appear in 
the strata beneath them. They include Tatapani, Ramkola, Singraul;, 
Korar, Umaria, johilla, Sohagpur, Sanhat and Jhilmili. 

Between the extensive Sohagpur field and the northern border of 
the Chhattisgarli area there is a large spread of Talchlr rocks so that some 
of the following appear as outliers on the Talchirs : Jhagrakhand, Kurasia, 
Koreagarh. Bisrampur (Sirguja). Bansar, Lakhanpur, Panchbhaini, Dam- 
hamunda and Sendurgarh. 

Madhya Pradesh (Western or Satpura).—Mohpani, Sonada, Shahpur, 
Dulhara, Patakhera, Kanhan valley and Pencil valle\'. Of these, Mohpani 
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is an isolated field Ij’iiig north of the Satpuras, the others lying along their 
southern border. Pencil valley is being actively e.vploited at the present 
time. 

Mahanadi valley. —Hasdo-Rampur (Sirguja), Korba, Aland riv^er, 
Raigarh (N. and S.), Himgir, lb river (Rampiir) and Talchir. Some of 
these are potentially impoitant. 

Wardha-Godavari valley. —Bandar, Wanna, Wun, Ghughus- 
Tehvasa, Chanda, Rallarpiir, Wamanpalli, Sasti-Rajura, .Antargaon, 
Tandur, Sandrapalli, Kamaram, Bandala-.Vllapalli, Lingala, Siiigareni, Kotta- 
gudem, Damarcherla, A.shwaranpcta and Bedadanurn. 

fn this area there is an e-vtensiw development of Kanithi and youngiT 
rocks, the coal measures appearing as isolated patches separated bv and 
from underneath the youngi-r rocks. There is every probability’ that sevcnal 
of these coalfields are much more e.xtensive than they appear, and extend 
underneath the younger rocks. The e.xtent of the Godavari \’alley fields 
is therefore likelv to be considerable. 


THE R.\NfGANJ COALFiELH 

This is the easternmost field in the Damodar valley and is situated 
around Asansol, about 130 miles north-west of Calcutta. It covers about 
600 square miles of proved coal-bearing area. It is surrounded on three 
sides by Archaean rocks but on the east it passes beneath alluvium and 
laterite where its e.xtension is a matter of speculation to be proved by 
drilling. Table 38 shows the succession of the formations exposed in the 
field. 

Table 38.— Goxdw.vxa Succession' in the Ranigan.t Coalfield 


Forniiition 


Description 


Maximum 

thickness 


FEET 

Supra Panchets. ' Red and grey saniKtones and shales .. 1,000 

i 

Panchet ... ^Iicacoous yellow and grev sandstoiU'S, n‘<I and gie- ii- 

isli slialcs ... . . 2,000 

Raniganj - . Grey and greonisli soft feldspathii sniuNtont''', shales 

and coal scams . ^ 3,400 

Ironstone sliales I Dark carbonacoou.s sliales w ilh ironstone liaiuG . 1,200 

i 

Barakar ... Coarse and medium grey and white sauflstoin.-^,, s]iale> 

and coal scams . . . . .. ... 2,100 

Talchir with Coarse sandstones al>o\ e and greenish shah s and sandy 
boulder bed J shales below 
at the base. i 


900 
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The Rani,L:aiij coAifieki faulted down on tiie s.uith and ue-^t, tlie 
southern boundarv beiii" a series of faults, ruunin.ii fii cJuinu. indicating 
a throw of 9,000 ft, near the Paucliet lull. Ocar the ,!,reater part of the 
northern side, tiie (roiidwaiia l>oundar\' is one of eiriginal deposition, modi¬ 
fied of course ho later eiosiou. The oldest beds are foauif in the north, 
and are overlapped by vunn,c;er beds in a southwanl direction, the general 
dip being also sijuthward. llesides the boundary fault', there are also 
oblique and cross faults in the liehl. 1 he main dislocation probably took 
place in the Jurassic. The held is traversed liy many tlolente and mica- 
peridotite dykes, the latter having produced much damage to coal. The 
intrusives are later than the faults anil may be of R.ijmahal or Deccan 
trap a.ge. 

Coal. —Coal seams, most of which have two or mote local names, 
occur both in the Barakar and Raniganj stages. The seams ol the Rarakar 
Series are named a.s follows from below upwards :—I’lisai ; Damagaria- 
Salanpur A ; Bindabanpur-Salanpur B . Gopinathpur-Salanpur C-Kasta ; 
Laikdih-Shampur 5-Ramtiagar : Shampur 4 : ('hiinch-lfe.gtini.i-Shatnpur 1. 
The setims in the Rani.g.iu] stage tiro, from below upwards •—Taltor ; 
Sanctona-l’oiiiati ; Hatiial-Koitlu ; Dishergarli-Samki ; Ikira Dhemo- 
Raghunathhati - .iranohcirbalial - Raiia - I'oriarimr - Sat,gram - jotejanaki- 
Dohrana-Sonpiir ; >nintr-Toposi-Kenda t'hora-l’urushottanipur ; Lower 
Dhadka-Xarainkuri-Banbra-Sonachora-Boub<dt;il ; Bara Cliak-Xega-Jameri- 
Raniganj - Lower Kajora - Jambad - Bow lah - Bankola ; < iopalpur - Upper 
Dhadka-Satpukhuria-Cihusik-Searsol-Upper Kajora ; Hirakhtin-Xarsamuda. 

Of the above, several of the Barakar seatiis and in jiarticular the Ram- 
nagar, Laikdih, and Beguuia m auis .ire eakin.g. The >aiicturta-I'tmiati 
and Di.shergarh seams belon.giug to the Raiiigau) stage are excellent steam 
coals which can also be lilended with .good Jharia coals for making coke. 
Estimates of the coal reserves by the Geological Survey of India in 1953-54 
in this field, indmling that already exploited, are : 
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This coalfield has bt'cn worked since about 1800 and the total amount 
raised to the end of 1950 being around 350 million tons, from available 
statistics. The difference between this and the figure obtainable from the 
Table represents coal lost in working, by fire, flooding, etc. 


JHARI.A CO.ALFIELD 

This IS the most important coalfield of India, being responsible for 
something like 40 per cent, of the total Indian production, besides being 
the most important storehouse of the best coking coal. It is situated about 
170 miles west of Calcutta, the town of Dhanbad lying on its north-eastern 
corner. The field is roughly sickle-sha|)ed, being about 12 miles N.-S., and 
24 miles E.-W. The total area of Gondwana rocks e.xposed is 175 square 
miles of which Barakars occiqn- 84 S(piare miles, and Raniganj Senes 
21 sijuare miles. The other strata eviin.-ed .u e Talchirs and Barren Measures, 
The Talchirs avi fouml along the northern and western margins with a 
maNimum thickness of 800 ft. the boulder-bed being 50 ft. thick. The 
Barakar Series and the Barren Measures have each a thickness of 2,000 ft. 
while the Ramganj .Senes is 1,840 ft. thick, the former c.xposed in the north 
and east of the field. The Raniganj measures form an elliptical outcrop 
in the south-western part of the field. 

The Jharia coalfield is faulted against the .\rchaeans along the southern 
margin, where the strata dip inward towards the centre of the field. Two 
.small horsts of gneiss are found, one in the north-eastern and the other 
in the north-western part. There are also faults on the other sides as well 
as cross-faults within the field, most of them being of the ‘ sag-fault ’ type. 
.\ large number of dykes of dolerite and mica-peridotite traverse the field. 

Though coal scams occur in both the Barakar and Raniganj stages, 
those in the Barakars are bv far the most important. This stage contains 
more than 25 scams, the more important of which are numbered 1 to XVIII 
from below upwards, .seams X and above being of good ipiality. Amongst 
the best seams in this field (indeed in Imlia) are .XI, .XI\’, .XI\'-.\, .XV, 
XVIIand.XVUI. 

The total available reserves and those which were originally present 
in the Jharia field, as per estimates made in 1953 by the Geological Survey 
of India are as follows. The available data are confined to a depth of 
only 2,000 ft. from the surface. 

The field has been exploited since about 1895, the amount raised up 
to 1950 being about 550 million tons. 

11 
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trillion tons 

I 0 to 1,000 feet 0 to 2,000 feet 

Grade I and better . . ... ... ^ 2,005 2,682 

Other grades ... ... ... 6.112 9,672 

8,117 12,354 

7,442 11,679 


THE COAL RESOURCES OF THE GONUWAXA^ 

According to recent estimates the reserces of all Gondwana coal in 
seams, 1 ft. or more in thickness, are of the order of 70,000 million tons, 
but if the calculation is restricted to seams of 4 ft. thickness and ocer, the 
reserves would be of the order of 25,000 million tons. Considerin.g coals 
of comparatively good qualit}’, those containing 20 per cent or less ash, 
the latter figure will be reduced perhaps to about 7,000 million tons. Good 
f|uality coking coals are confined practicidl}' to the eastern coalfields of the 
Damodar A alley—Raniganj, Jharia, Bokaro and Giridih, but the last is 
nearing exhaustion. The coals of the Karanpnra and Kanhau vallev fields 
are coking to semi-coking. All the other fields are so far known to contain 
only non-caking coals, but some of them can be blended with good Jharia 
coking coal to rdeld coke of suitable strength for large blast furnaces. An 
estimate made in 1950 by the Metallurgical Coal Committee puts the reserves 
of coking coal in India at 2,000 million tons in the ground, to recover all of 
which it fvill be necessary to adopt stringent conservation measures. 

It is only the Raniganj and Jharia fields which ha\-e been mapped 
satisfactorily. E\'en in these there are practically no data for reserr'es 
at depths of more than 2,000 ft. Our knowledge of the other coalfields 
is still unsatisfactory but they are being mapped in detail and in\'cstigated 
by drilling to estimate the correct order of reserr'es. It is however certain 
that the present estimates of reserves will be appreciably increased as a 
result of detailed investigations. 


Original reserves, total 
Reserves now m ground 
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CHAPTER X[ 


UPPER CARBONIFEROUS AND PERMIAN SYSTEMS 

THE UPPER PALAEOZOIC UXCONFORMITY 

The Middle to Copper Carboniferous period was one of stupendous 
changes on the surface of the globe. These were brought about by \\’hat 
is known to geologists as the Hercynum or Wiriscan Revolution. It brought 
into e.xistencc some of the mountain s^'stenis of Central Asia like the Tien- 
Shan and Kun-Lun and also the precursors of the Karakorum mountains. 
At the same time was also formed a great central ocean which stretched 
east to west from China to Spain, spreading not only over the area of the 
present Mediterranean, but extending over a wide belt to the north and 
south. The deposits laid down in this ocean, which has been called the 
Tethys, are now recognised in the Alps, the Carpathians, the Caucasus 
and Asia Minor, Syria, Iraq, Iran, Baluchistan, .Afghanistan, and along 
the Himalayas and their extension to the south-east. To its north lay 
An^araland comprising parts of Siberia. To its south was a great southern 
continent called Gondii'analand which comprised India, .South and East 
Africa, South America, Australia and Antarctica. These .southern lands, 
which are now separated from each other by large stretches of oceanic 
waters, seem to have formed a more or less continuous mass through the 
greater part of the Mesozoic. .All the components of this Condwanaland 
are characterised by closcK' related fluviatilc and continental deposits 
containing coal scams and remains of plants, reptiles, amphibians, fishes, 
etc. The coal deposits are also of nearly the same age in these lands and 
possess very similar characters. 

The Upper Carboniferous revolution brought about a renewal of 
sedimentation in parts of peninsular India and this continued up to the 
Lower Cretaceous. In the Himalavas, the sea which had regressed during 
the Devonian times encroached on land after the great revolution. In 
Kashmir, howe\'er, land conditions prevailed for some time during the 
Permian and part of the Trias, accompanied by volcanic acti\itv. The 
Kashmir area perhaps acted as a laiiil bridge between Gondwanaland and 
Angaraland during the Permo-Triassic, for we have e\'idences of a certain 
amount of intermingling of the characteristic floras of these two regions. 

In the region of the Lesser Himalayas, relics of glacial deposits of 
Tapper Carboniferous times are found in a few places. The deposits laid 
down in this region during the Mesozoic are, howe\'er, mostl}' unfossili- 
ferous so that it is difficult to ascertain their ago. It is possible that they 
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were deposited in an isolated basin in which the conditions may liave been 
unfavourable to life. These basins presumably dried up during the Upper 
Mesozoic. 

The Upper Palaeozoic unconformity in the Himalayan area is of 
varying magnitude in different places. It is of very short duration in 
the Spiti \’alley, for the Po Series of Lower Middle Carboniferous age is 
followed bv Permo-Carboniferous strata including the Productus Shales. 
In Kumaon the Carboniferous strata are missing, the eroded surface of 
the Muth Quartzite being overlain directly by Permian rocks. In Kashmir 
there are the Syringothyris Limestone or Fencstella Shales. In other 
places the unfossiliferous Tanawal Scries are seen below the Permo- 
Carboniferous strata. In Hazara the Pre-Cambrian Dogra Slates arc often 
overlain, with marked unconformity, by glacial boulder beds called the 
Tanakki (.'onglomerates which arc considered to be the cijuivalents of the 
Takhir boulder-beds. In Chitral also there is an unconformity at the top 
of the Carboniferous strata, the latter being followed by the Infra-Trias 
and the Trias. In the Salt Range there is a hiatus between the Salt Pseudo- 
morph shales and the Takhir bouldcr-bed, the latter being followed by the 
Speckled Sandstones and by a fine development of marine Permian. 

SPITI—THE KULIXG SYSTEM 

The Upper Carboniferous of Spiti, as already noted, is marked by 
an unconformity conglomerate. This conglomerate rests on the Po Series 
or earlier rocks and is followed by Permian strata constituting the Ruling 
system. 

Calcareous Sandstone. —The lowest members of the Ruling system 
are grits and quartzites, overlain by calcareous sandstones having a thickness 
of about 100 feet, and containing fossils which ha\'e affinities with those 
of the Middle Productus Limestones : 

Productus sp., Spirifer fasciger, S. iiitiensis, S. marcnni, Diclasma 
httouchei, Aidosteges gigas, Spirigera gcrardi. 

Productus Shales. —The calcareous sandstones are succeeded by a 
uroup of brown or black carbonaceous and siliceous shales called the Pro¬ 
ductus Shales which have a thickness of 100 to 200 feet and form a fairly 
ix-rsistent horizon in Kashmir, Spiti, Kumaon and Nepal. The\- enclose, 
especialU' in the lower part, a rich and characteristic Permian fauna of the 
same age as the Middle and Llpper Productus beds of the Salt Range, but 
yet of a different facies. About 30 feet below the top, there is a horizon 
having a thickness of barely 1 foot, from which concretions containing 
cephalopods have been obtained, this being in fact the only cephalopod 



326 


GEOLOGY OF INDIA AND BURMA 


C HAP. 


PLATE Xr 

PEKilO-CARBDNIFEROUS FOSSILS 



Exflanatiox of Plate XI. 


1. Productu^ ^piticnsis (1/3). 2. P. cora (1/3). 3. P. ahichi (2/3). 4. P. 

pustulosus (2/3). 5. P. semireticuhihts (1/4). 6. P. indwus (1/4). 7. P. spiralis 
(1/4). 8. gangeticiis (1/3). 9. Marginifera himalayensis (1/3). 10. Margim- 
fefa vihiayxa (1/3)- 11 Choncfcs li^surensis (2/3). 12. Spirifev (Spinferclla) rajah 

(1/3). 13 Spirifenna cristata (I'2)- 14- Cncinella nnddlewissi {\j2). 15. Syringo- 

thyris rii^pidata 11'3) 16- Diclasma lidareii^e (1/31. 17. Caniarophoria purdoni 
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XI I 

yielding horizon in the shales. Amongst the fossils of the Productus 
Shales are ; 

Brachiopods ... ... Productus pitrdotu, P. abiclit, P, gaitgc/icus, Spirifer 

rajii/i, S fasciger, Spirigeta gerardi, Marginife)u 
himalaycnsis, Cliotiefcs lissarcnsis. 

Cephalopods ... . \cuaspts cuibniiariu, Cvclolohus oldlunui, C kraf/ti, 

C. luivdeui 

KUMAOX 

In northern Kumaon the Muth Quartzite formation is generally con¬ 
formably overlain by the black Kulin" Shales of Permian age. The line 
of junction is always very sharp and represents a considerable lapse of time 
vhich may e.xtend from some part of the Devonian to the lower part of 
the Permian. Basal conglomerates which are said to underlie the Ruling 
Shales in Spiti are not found in Kumaon. This stratigraphical interval 
is partly filled, in some places, by sediments like the Po and Lipak Scries 
as in Spiti, or by the Panjal Traps as in Kashmir. 

The Ruling Shales or (Productus Shales) are usually from 30 to 50 
metres thick, but may be less as at Tinkar Lipu, or as much as 100 metres 
thick as at the Lebong Pass west of Kuti. They appear to represent a 
deep marine deposit and are generally poor in fossils. The fossils got from 
them include Cyclolobus oldhami and C. icalkeri both of which indicate 
Upper Permian age. A lower horizon of the Permian is found in this 
region only near Kalapani where the shales have yielded Prudiicliis hnna- 
hiyanus, P. abichi, P. semirettcidatiis, and Spirifer tibetanus. 

The same facies continues into Painkhanda and Byans and probably 
into Nepal. Some of the fossils found in Spiti have been recognised here, 
particularlv Chonetes lissarctisis, Spirifer nitiensis and several Productids. 


NORTH-WEST KUMAON—HUNDES 

Exotic Chitichun facies. —On the border of the Hundes Prox ince 
of Tibet and north-western Kumaon is the region of Kiogar and Chitichun. 
It contains Permian and Mesozoic rocks of the Tethys Himalaya which 
are closely associated with extrusive and intrusive basic igneous rocks in 

(1/3) 18 Fcneslella aff fo^sida (3). 19. Protorcteporu atupla (6|. 20 hnphemus 
iirei (2/3) 21. Martinia dispar (1/4). 22. Spirifer fiiH-iger (1/3). 23 Lonularut 
warthi (1). 24. Pleurotomaria nuda (2/3). 25. Hucania warthi I2;3). 26 San- 

guinohtes Icnisoni 27. Discinisca learthi (2:i). 28. Put ydcsina gl'ifiouiin {116) 

29. Ettrvdcsma cUipticuin (\14). 30 Spirifer iiitiensis !6) 31. Palcrocnrhitia difn- 

cilis(\j4). 32. Sangitinolilcs kaskmirtcus (\;i}. 33. Syringnthvns nagumigen i {I 3'. 

34. Productus (Tieniotherus) peimixtus (1/4). 
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which arc embedcded huge masses of sediniciitanes of a facies entirely 
unknown in the Tethyan Himalaya. These sedimentary masses, which 
are mostly limestones, vary in size from boulders to hillocks of some size 
and even sheet-like masses. This area lies slightly to the north of the 
strike continuation (to the south-east) of the zone of Spiti. The roots 
of these masses must lie somewhere in Tibet, though so far the place of 
their original deposition has not been identified. These masses, known 
as the " exotic blocks ” have been described by A. \ on Krafft and t. Uiener. 
Their presence here has been explained as due to the shattering of the rock 

MAP X. 



formations in the Tibetan region by great volcanic explosions and trans¬ 
port over long distances by lava flows to their present position. An alter¬ 
native hvpothesis advanced by Diener and later supported by Suess ( ' The 
Face of the Earth ”, English Edition Vol. fV, pp. 561-567) is that they 
represent the remnants of thrust sheets or nappes from the north. 1 his 
view is stronglv supported by Heim and Gansser who surveyed the area 
during their traverses in the Himalayas and Tibet in 1936. They state 
that the limestone masses are of the nature of KUppen. lying among much 
younger, mainly Cretaceous, sediments though completely surrounded and 
often intimately penetrated b}’ igneous rocks. They have found evidence 
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that the intrusi\'es must have penetrated these rocks mainly before thrusting, 
though it is likely that some of them were injected along the thrust sheets 
while the thrust movements were actually in progress. 

The e.xotic blocks comprise pink, red and white limestones of all ages from 
I't-rmian to the t'retaceoiis, this type being called the ‘ Chitichun facies ’ 
by Heim and Gansser. Those of Permian age contain several charac¬ 
teristic brachiopods. The Upper Triassic limestones are e.xtraordinarily 
like the red and white Hallstatt marble of the Alps both in lithology and 
fossil content. It is remarkable that this Chitichun facies should be closely 
related to the Alpine type and not to the Tethys Himalayan facies lying 
to its south. This indicates that the conditions of life and sedimentation 
in the marine basin which stretched from Tibet to the Eastern Alps were 
extraordinarily uniform but that the\^ were markedly different in the 
adjoining area of the Tethys Himalayan zone. 

The Permian limestones forming the peaks Chitichun I, Malla Sangcha, 
etc. have yielded a rich fauna comprising the following :— 


Trilobites 

Brachiopods 


C'ephalopods 


Anthozoa 


Philltpsia middlemtssi, Cheivopyge hinialaycnsis. 

Prodiictus semireticuUitHS, P clntichunensis, P. gratiosus, 
P. abichi, Marginifcra typica, Lyttonia nobilis, 
Spirifer fasciger, S. wynnei, S. iibetanus, Martinia 
cf. glabra, M. elcgans, Reticularia Uneata, Spirit 
geralla grandis, S. derbyi, Athyvis royssii, A. 
expatna, Entdetes n'uagefn. Caniarophoria purdoni, 
Heniipfychina himalaycni^, Didasma elongatum, 
Xotoi/iyris irtpheafa, Richthofenm sp. 

Nautilus hunicus, Xenaspis carbonaria, Cydolobus 
walkeri. 

Amph'.xiis coralloides, Zaphrentis heyrichi, Clisiophyllum 
sp., Lonsdaleia ludica. 


MOUNT EVEREST REGION 

The several Everest expeditions have gathered a considerable amount 
of information on the geology of North Sikkim and the neighbourhood 
of Mt. Everest. The top of Mount Everest is comjiosed of massive, are¬ 
naceous limestone dipping gently towards the north and continuing laterally 
into North Sikkim. This is called the Mount Everest Limestone, whose 
thickness must be 1,000 to 2,000 feet. It is well bedded and contains feld- 
spathic .sandy bands. Its a,ge is Carboniferous in the m.iin and possibly 
Permo-Carboniferous in part. 

The Mount Everest Limestone is underlain by the Everest Pelitic 
Senes of 4,000 feet thickness, consisting mainl\- of shaly and slaty rocks 
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with calcareous and sandy bands. It is injected profusely by yranitic 
rocks. Its age is probably Carboniferous or earlier. 

The Everest Limestone is overlain conformably by the Lachi benes 
which covers a large area north of Everest and in North Sikkim. It has an 
aggregate thickness of 2,000 feet and contains glacial boulder-beds, a lower 
fossiliferous limestone bed 50 feet thick and an upper fossiliferous cal¬ 
careous sandstone (300 feet thick) containing Upper Permian fossils. It 
is overlain bv the Tso Lhayno Series of Triassic age. 

The fossils in the Lachi Series include :— 

Lower Horizon ... ... Several corals including 

Upper horizon (C.^lc.creous s.vndstone) :— 

Bryozoa ... ... Fenrslnuclla inlernala, Goniocladia sp. 

Brachiopods ... ... Spirifer (Spiriferella) rajah (numerous), Spirifer (.Nt’os- 

pnifer) musakheylensis, Marginifera himalayeiists, 
Prodiictus (Waagenocoucha) purdoni, Vncinitncllina 
jabiensis, Syringolhyris lydehken. 

Lainellibraiu hi .. .. P,iia!h-llodon art. teniiislrialunt, Plcmophorus sp., 

. 1, iciili'pecu n iiyiiiuilis 

•Gastropod ... . . Pleiirnt.-miina art oricnlahs 


The succession in the Everest region is shown below :— 


Tso Lhamo Senes 


.1 


L 


Dark limestones and shales (Triassic) 
Quart/ites and shales (400 feet) 


f Calcareous sandstones (300 feet) with Upper Permian 
fossils 

Lachi Series ^ Pebble beds (600 feet) 

j Limestones and shales (50 feet) 

L Quartzites, silts and shales (600 feet) 

IVIt. Everest Limestone ... Massive arenaceous limestones (1,000—-2,000 feet). 

Carboniferous 


Mt. Everest Pelitic Senes ... Slaty rocks with bands of limestone and sandstone, 

injected by fjranite (4,(X)0 feet), mainly Carboniferous 

Lower calcareous Series ... Limestones, shales, etc., extensively injected by 

granite 


In the Rangit \ alley of Sikkim, coal-bearing Barakar rocks have been 
found in association with calcareous rocks containing some Productids, 
Neospirifer, Fenestella, etc. 
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ASSAM HIMALAYA 

Our knowledge of the geology of the Assam Himalaya was, till recently, 
confined to the material collected during militayv expeditions into the 
north-eastern frontier tracts. Since 1950 some geological traverses have 
been made in these areas. The fossiliferous limestone boulders of Permian 
age found by MacLaren in the Subansiri river gorge have now been traced 
to their source in the Ranganadi basin about 20 miles south-west of the 
gorge. The fossils include Productus, Spirifer, Chonetes, Reticiilaria, etc. 
indicating the same age as the Ruling System. Similar limestones hav'e 
also been found in the Sireng valley in the Abor Hills. Since these rocks 
are thrust over the Tertiaries it is evident that they must have travelled 
some distance southwards from the place of their original deposition, 

KASHMIR—PANJAL VOLCANIC SERIES 

The great revolution of the Upper Carboniferous age converted a large 
part of Kashmir into a land area with volcanic conditions reigning. The 
volcanic activity was at first of the e.xplosive t\-pe and contributed frag¬ 
mentary products which were deposited as agglomerates and pvTTOclastics. 
The later activity was mainly in the form of lava flows. It reached its 
climax in the early Permian ; then waning gradually, it died off finally 
in the Upper Triassic. While the igneous action was prevalent in certain 
areas, the sea was encroaching in others, so that we find marine sediments 
of Permian and Triassic ages side by side with products of volcanism. 

Distribution. —The volcanic series is extensively developed in the 
Pir Panjal range whence its name is derived ; to the west of the Zanskar 
range up to Hazara ; in Ladakh and Baltistan ; also in many areas 
around the Jhelum valley. 

Varying age. —The earliest manifestations of volcanism seem to be 
of Middle to Upper Carboniferous age, e.g., as earlj- as the latter part of 
the Moscovian in the Lidar valley and Upper Carboniferous near Nagmarg. 
The trap is seen to overlap beds of various ages and its upper limits are 
different in different areas. In some places it underlies the Gangamopteris 
or Zewan beds. Near Sonamarg it is higher up in the Permian, while 
north and west of the Wular lake it extends to Lower, Middle and Upper 
Triassic and is intercalated with beds of the respecti\'e ages. 

Agglomeratic Slates. —^The volcanic agglomerates are gritty or 
greywacke-like and grade frequently into slates. They contain angular 
fragments of quartz, feldspar, quartz-porphyry, granite, limestone, devi- 
trified glass, etc. They were once regarded as of glacial origin. But the 
absence in them of ice-scratched pebbles and boulders and the presence 
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of devitrificd glairs fragments and volcanic material, have tended to support 
the view that thev are pvroclastic and derived from \ olcAnic explosions and 
rearranged by subaerial agencies. 

The Agglomeratic Slates are generally imfossiliferous but well-preserved 
fossils have been obtained from them in about half a dozen localities, the 
most important of which are : (1) Near Kismar hamlet at Nagmarg where 
they overlie the Silurian and are succeeded liy the Panjal Traps, the upper 
portion being fossiliferous ; (2) in the anticline of the Marbal valley over- 

lying the Fencstella Shales ; (3) in the Kolahoi-Basmai anticline where 
they overlie the Synngothyris Limestone, the higher beds being inter- 
bedded with the trap ; (4) in the Golabgarh pass in Pir Panjal overlying 

the Fenestella Shales. 

The fossils found m tliese areas are :— 

Brachiopods . , ... Spirifer nitiensis, S. Kisniari, S fasager ; Pro- 

ductus cora var. linealus, P. scabnculus, P. undaius, 
Dichisma sp , Chon^tes sp., Syringothyyis empidata, 
N. nagmargt'nsis, Derhyia regularis, Camarophona 
d'K^'hutciisis. 

Bryozoa . . Pio/i'rc/ypora tiniphx, Feneslellu sp. 

Lamellihranchs l.iiini sp , Piii>t,i sp 

Panjal Trap. —The I’anjal Trap consists of bedded flows of green, 
purple and dark colours. The lavas are sometimes amygdaloidal or por- 
phyritie though compact fine-grained varieties are the most common. 
Interbedded with them are pyroclastics and occasionally sedimentary 
strata. The flows vary in thickness up to 20 or 30 feet and are generally 
lenticular. Locally they attain an enormous thickness, the maximum 
being estimated at 7,000 feet in the Uri district. 

The lavas are andesitic to basaltic in composition, but acid and ultra- 
basic varieties have also been found. The acid varieties found in the area 
around the Kashmir valley include rhyolites, dacites and trachytes. The 
ferromagnesian minerals and feldspars are generally seen to have been 
chloritised and epidotised. 

Gangamopteris Beds.— Beds containing Lower Gondwana plants 
occur intercalated with pyroclastics in several places and are overlain by 
the Panjal Traps. The following localities are well known as yielding 
typical flora ; Golabgarh pass (Pir Panjal), Gulmarg, Khunmu and Risin, 
Nagmarg, Bren and Marahom. Near Nagmarg on the Wular lake, the 
soft arenaceous beds underlying these plant beds contain Productus 
cora, P. Scabnculus, Spirifer nitiensis, Derbyia, Syringothyris cuspidata 
and Fenestella which give an unmistakable indication of Uralian 
to Lower Permian age of the fauna. The slaty plant beds contain 



XI] 


UPPER CARBONIFPIKOUS AND PERMIAN SYSTEMS 


333 




334 


GEOLOGY OF INDIA AND BEKMA 


[I'HAP. 


Gangamoptcns kashmirensis, Glossoptcris uidicu, Psygnuiphylhtni haydeni. 
Vertebraria; also the amphibian Archegosannts onialiis and the hshes 
Amblvpierus kashinii'i'nsis and d. svnimetriciis. I hesc beds are therefore 
of Lower Permian (Karharbari) age. 

The .\pharY-at ridge near Gulmarg has yielded Gangamopteris. 
Glossopteris. Alethopteris, Cordaites and Psygmophylliim from beds under¬ 
lying the la\-a flows and overlying the Tanawal Series. .\t Bren, near Sri¬ 
nagar, a Eurvdesma-hesixing horizon is just below the Gangamopteris bed. 
At Risin and Zewan in the A’ihi district, the Gangamopteris bed underlies 
fossil-bearing Permian limestone and contains the amphibian Actinodon 
risinensis and the fish Lysipterigium deterrai. 

The Gangamopteris beds have different positions with reference to 
the volcanics-—above the \'olcanics at Khunmu and Golabgarh pass, below 
them at Nagmarg and Bren, or intercalated with them in one or two places 
—and their fossil content points to the same age as that of the Takhir 
and Karharbari beds. The point of importance is that at the Golabgarh 
pass and Marahom the plant beds underlie the Zewan beds of Middle Permian 
age. Their age is therefore L’pper Carboniferous to Loner Permian. 


ZEWAN BED.S 

The Zewan beds take their name from Zewan, a village in the ^'ihi 
district. They extend also into the Sind and Lidar valleys. .\t Zewan they 
lie on a silicified limestone (novaculite), the basal portion being a crinoidal 
limestone overlain by beds containing the bryozoa Protoretcpora ampla. 
This horizon is well exposed in the Golal)garh pass, Zewan spur, Guryal 
ravine, etc. and contains numerous colonies of P. ampla, besides Lyttonia 
nobilts, Spiriferina zeacinensis and Derbvia sp.. Above these come shales 
and thin limestones, about 400 to 500 ft. thick, with a rich Permian fauna. 
The Tapper Permian beds are missing at Zewan but are well seen at Bams, 
a short distance away. 


Tlie fauna includes : 

Brachioj>(i(i> ... .. Proditc^its com, P. indicus, P. spiralf^, P. gyatiosiis. 

P. abichi, Spitifer tajah (abundant], 6'. niticn- 
si^. S'. Ja-iciger, Marginifera kimaJayensi'y 
(abundant) M. vihtamt, Spingera gerardt, S. 
:,Hhexpansa, Dielusmu latoiichei, Diclasma hastatinn, 
CammophoYia pmdoni, Chonetes lissarensis, C- 
Spiriferina cristata, Lvttonia nobilis. 

Protoretcpora ampla, Penestcilu aft. jossiila. 

Amph'yus, Zaphitutis. 


Bryozoa 

Corals 
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The fauna of the Zewan beds shows that they correspond to the Middle 
and Upper Productus Limestone of the Salt Range and to the Chitichun 
Limestone. 


The biicccssuMi in Kashmir is summarised below • 


Zewan beds with Protorcicpora 1 
ampla bed near the base. j 


^Iifldle and Upper Permian 


Gangamopteris Beds 

Agglomeratic Slates with Permo-Carboniferous lo Upper Carlioniferous 
Panjal Trap J 

Fenestella Shales ... ... Middle Carboniferous 


Syringothyris Limestone ... Lower Carboniferous 

Muth Quartzite ... ... ])evonian 


THE SALT RANGE 
GLACIAL BOULDER BED 

The Lower Palaeozoic of the Salt Range culminates m the Salt Pseu- 
domorph shales of presumably Cambrian age. Overlying this, with the 
intervention of an unconformity, is found a boulder bed of glacial origin , 
M'hich lies on one of the stages of the Cambrian succession. It is hetero¬ 
geneous in composition, being composed of a mixture of boulders and 
pebbles in a matrix of fairly comminuted rock flour. The boulders are 
of various sizes upto 2 ft. or more across and consist of Malani rhyolite 
and crystalline rocks from Rajasthan and Southern Punjab, which are 
often striated and facetted by ice action. The boulder bed attains a maxi¬ 
mum thickness of 200 ft. Both in constitution and stratigraphical position 
it resembles the Takhir boulder bed of the Peninsula. The presence in 
it of rocks from Rajasthan is proof that the boulders were derived from 
that region and transported by glaciers in Upper Carboniferous times. 

The age of the boulder bed is indicated by the presence of spores, 
leaf impressions and other remains of Lower Gondwana plants in the beds 
immediately overlying it. 


THE OLIVE SERIES 

Eurydesma Horizon. —The Upper Palaeozoic in the eastern end of 
the Salt Range is represented by the Olive Series, consisting of dark greenish, 
yellow and white, or spotted sandstones and having a thickness of 150 ft. 
.\t its base is the boulder bed which, in certain cases, may represent re¬ 
sorted and re-deposited glacial material. Near Pidh (in the Eastern Salt 
Range) the sandstones immediately overlying the boulder bed contain 
numerous casts of marine bivalves belonging to the genus Eurydesmx and 
other fossils, viz : Eurydesma cordatnm, E. hobarlense. E. punjahicum. E. 
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siihovatum, Pttrinca cf. lala, Xiicula pidhcnsis. Avicidohectc'n sp., Astartila 
cf. ovalis, Cardiomorpha pengm's ; (Brachiopod) Dielasmu dadanoise : 
(Bryozoa) Fencsttdla fnssitla. 



Fig. 7.—Section .\cross the Makrach valley, Salt Range 


(After C. S Middlemiss, Fee. 24) 

A similar Eurydesma-bearing zone is associated with the Upper Car¬ 
boniferous or lowermost Permian in Kashmir. The fossil contents of these 
two horizons show a great deal of similarity as will be seen from the following: 


Salt Ran“i' Kashmir 


Fenestella lossula 
Dielasma dadaneiise .. 

Ax-iculopecten cimctatiis 
Cardiomorpha pcnsiii^ 

Astartila ct ox alis 

Eurydesma corclatum x ar mytiloides 
E. siibobliqua 
E. punjabicum 


F. fossula 
I), lidarcnso 
A. cunctatus 
C. .sp. 
oxahs 

E. cordatum xar. mytiloidc'. 

E. cordatum xar. siibxiiiadrata 
E. globosum 


In New South Wales. Australia, two Eurydesma horizons are known ; 
the lower one with E. hnbartensc occurs just below the Gangamopteris bed 
and is Upper Carboniferous ; the upper one xxdth E. cordatum is assigned a 
Permian age. Similar beds also occur associated xvith the Dwyka cong¬ 
lomerate of South Africa. The Kashmir Eurydesma horizon is closely 
allied to the Lower Permian of the Kolyma Prox'ince in Siberia, the brachio¬ 
pod fauna of the two being related. 

Conularia zone. —The bouli.ler bed passes upxx'ards. in certain places, 
into a calcareous sandstone and black shales containing concretions en¬ 
closing well preserved fossils amting xx'hich Conularia is the most abundant. 
The Conularia horizon is about a foot thick and a few feet above the boulder 
bed and thus also slightly younger than the Eurydesma horizon. It is 






XIj rpPEK CARBOXIFEROrS A\D PERMIAN" SYSTEMS 337 

well seen near Choya Saidan Shah, 3It. Chel. Katuchha, etc. The fossils 
in this horizon include : 


Gastropods 

Lamellibranchs 

\’ermes 

Braclnopods 


Conuluyiu hievtgalu, C. iuarHii, C. pitnjubica, C. salnria, 
Pleurotmnana niidit, Kucania ivaylhi 
Pseiiddiiioinilic mhytiJiali^, /yni‘:oiu 

Seypii/ih’s wai/hi 

Spirifei cespeylilin, Maylininpsn ChnHetes 

cytic'icensi^:, Di’.cnnscu waitlii 


Near Kathwai, the Conularia beds yielded CAossopteris and (janaanwpteris 
impressions and the following bivalves : 

Palaeomutcla oblonga, Palaeonodonta sularia, P. suhqiiadyutii, P. singii- 
hv'is. These indicate, according to (,'owper Reed, a Lower Permian horizon. 
The Conularia fauna is also represented in the marine beds intercalated 
with Upper Palaeozoic glacial beds in .\ustralia. 

THE SPECKLED SANDSTONE SERIES 

Boulder Bed, —West of the Nilawan ravine the position of the 
Olive Series is taken by the Speckled Sandstones. In their typical develop¬ 
ment they include a basal portion comprising the Boulder Bed, a middle 
portion with Speckled Sandstones, and an upper portion with Lavender 
Clays. The Boulder Bed has the same stratigraphical position as that under 
the Olive Series, and tine exposures are seen near 3Iakrach and to its west. 
It is seen also near the western end of the Salt Range. 

Speckled Sandstones (sensn stricto ).—-These are 200 to 400 feet 
thick and consist of reddish to brownish sandstone with green and purple 
patches. Numerous small concretionary masses are seen on the weathered 
surface. They contain thin intercalations of shales of purple, lavender 
and grey colours and also gypseous bands. The shale bands become 
prominent and thick in the upper part which is spoken of as Lavender 
Clays. 

Lavender Clays. —These la\ ender coloured shaly rocks and associated 
sandstones display current bedding, ripple marks and other evidences 
of shallow deposition. They are well seen in many places v’est i"if Nilawan 
and up to the Indus, beyond which they become mainly calcareous. 

The Olive Series and the Speckled Sandstones are to be regarded as 
two facies of the same strata. They seem to be the eclui^•alents of the 
Schwagerina beds of Russia and may be referred to the I’pper Uralian or 
the lowermost Permian. The Eurydesma and Conularia beds are the 
equivalents of the Nagmarg beds of Kashmir and the Rikba plant beds 
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of the Karanpiira coalfield in Bihar winch are all correlated with the Sak- 
marian stage of Russia. There is some difference of opinion amongst geo¬ 
logists whether to include the Sakmarian in the Upper Carboniferous or 
Lower Permian, but S. Fox is in favour of its inclusion in the Carboni¬ 
ferous. 


THE PRODUCTUS LLMESTOXE SERIES 

One of the best developed normal marine Permian areas in the world 
is in the Salt Range so that the Middle Permian is often referred to by the 
name Panjabian, after the Province in which the Salt Range lies. The 
Permian succession met with in this area is shown in Table 39. 


Table 39.—Permiax of the Salt Raxge 


Dn ision 


Stage 


g 

fL 


, CniDRc (Sanclstone.s and marls) 
rpi’i.K I J.\HBi (Sandstones and marls 
100'—150' uitli Cephalopods) 

Kvndghat (Sandstones contain¬ 
ing Billti'ip/i'iii, I tc ) 


K.al.sbVjH (Limestones and marls 
.Middle i with crinoids, etc ) 

200'—400' \'iKr,.ac (Siliceous limestones) 


Lowek 

200 ' 


K^tta (('akareons sandstones 
and arenaceous limestones) 

Amb (Calcareous sandstone and 
limestones with Fiisiiliitai) 


Speckled Saxd- 

STO.N'ES 

300'—500' 


Lavender clav (50'—100') 
Speckled SANDSTONE (100'—300') 
{Emydcima and Cinui/aria beds) 
Boulder bed 1100'—200') 


Tlinnngian 

(Zechstein) 


Panjabian 

or 

Saxoman 

(Rothliegcndes) 


Artmskian 


Lower Permian 
to 

U ralian 


Amb. —The lowest beds of the Permian succession constitute the 
-Amb stage which is made up of coarse yellowish and greenish calcareous 
sandstones with a few layers of coaly shales, well e.xposed in the Nilawan 
ravine. ( ontinued westwards, they become graduallv more calcareous. 

Katta. —T he Katta stage forms a transition between the Amb beds 
and the Middle Productus Limestones. It contains arenaceous limestones, 
fusulinids being abundant in this as well as in the upper part of the pre¬ 
ceding Amb stage. 
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PLATE XII 

PERMIAN FOSSILS (I) 



Explanation of Plate XII 


1. Cyclolobus oldhami (1/6). 2. Arcestes aiiiiqttus (I .'3). 3. 

4. Xenodiscus carhonanus (1/4). 5. Sageceras primas (I/4J. 6. 

naria (1/3). 7. Stacheoccras trimurti (1/3). 8. Gastrioceras att. 

9. Nonnsmoceras smithii (1). 10. Branchoceras sp (3/2>. 11. 
mania) sp. (3/2). 12. Hyaftoceras aff. cumminsi (3;2i 13. Sacci 



8t> 


lyvx 

£C 



45 a 


A priscus (1/2). 
Aenaspis carho~ 
marianimi (3/2). 
Adi lamtes {Hoff- 
(Mcdlicoifia) 
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Middle Productus Beds.—The mo^^t important jiart of the succession 
is the I’roductus Limestone proper, which forms the crags of the outer 
escarjmient in the Salt Range. It contains dolomite in addition to limestone, 
but the (lolonntisation has been responsible for a good deal of obliteration 
of the enclosed fossils. The limestones are bluish grey to grey in colour 
while the dolomites are cream coloured. The limestones, which include 
crinoidal and coralline ones, show fossils on the weathered surfaces, while 
the intercalated marls contain abundant and easily extractable fossils. 

The Productus Limestone proper is divided into two stages, the lower 
one named after \'irgal and the upper after Kalabagh. 

The equivalents of these beds are found in the Chitichim limestone 
in Northern Himalaya, in the brachiopod beds of the \ lachmir region in 
Russia, and the Productus Limestone of the Timor region. 

Upper Productus Beds.—The L'pper beds are to a large extent are¬ 
naceous in character and consist of three stages, Kundghat, Jabbi, and 
Chidru. The Kundghat stage contains abundant fossils, especially in the 
upper part, amongst which Bellerophon and Enphemns are important. 
The topmost stage, the Lhidru, consists of marls and limestones which, 
though only 20 to 25 feet thick, contains abundant lamellibranchs in con¬ 
cretions scattered through the formation. This indicates an important 
change in faunal characters, since the earlier stages are rich in brachiopods ; 
such a change may be due to a regression and shallowing up of the sea. 

The Chidru beds pass upwards into unfossiliferous marls and sand¬ 
stones which contain some coaly matter. In places, an erosion 
unconformity is indicated by the presence of a conglomerate at the top 
of the Chidru stage. The Triassic beds appear above this and the passage 
beds are thought to represent the Otoceras zone of Spiti. 


-<s.ynnei (1/4). 14. Euomphalns parvus (3). 15. Macrockeilus avellanoides (2/3)- 

16. Phasianella aranicola (3). 17. Murchisoma conjtigens (2/3). 18. Bellerophon 

jonesianus (1/3). 19. Euphemus indicus (2/3). 20. Stachella bifrons (1/3). 21. 

Lticiua progenetrix {113). 22. Enlalis herculea 23. Pleurophorus complanatiis 

<3 2). 24. Gouldia prinuKva (3). 25. Macrodvn gemimim (1/3). 26. Oxytoma 

atdvum {\I3). 27. Lima footei {\j3). 28. Pecten flemingianits (\j3). 29. Phillipsia 
mtddlemissi (1/3). 30. Cheiropyge himalayenth (1/2). 31. Fenestella perelegans (7). 

32. Phihcrinus comeia. 33. Cyathoennus indicus (a, lateral view ; 6, basal; c, trans¬ 
verse section of stem). 34. Lonsdaleia wynnei. 35. Lonsdaleia salinaria. 36. 
Lonsdaleia indica (7). 37. Hexagonella ramosa {b, part of surface enlarged). 38. 

Fusulina kattaensis (b, transverse section). 39. Zaphrentis beyrichi {b, transverse 
section). 40. Dibunophyllmn sp. {h, transverse section). 41. Amplexiis coratloides 
(a, longitudinal and b, transv'erse sections) 42. Productus lineatus (1/4). 43. P- 

gratiosus (IJ4). 44. P. Ptirdoni {\I3). 45. Slrophalosia horrescens {113). 
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I AUXA OF THE PRODUCTFS LIMESTONE SERIES 

The Productus Limestone is rich in fossils, both in species and indivi¬ 
duals. The majority are hrachiopods which are abundant m all the divisions 
and especially in the Middle one. Lamellibranchs appear m large 
numbers in the upper part of the Upper Productus Limestone, this 
division being characterised also by the presence of a number of cepha- 
lopods. The more important fossils of the three di\'isions are >ho\\n 
below : 

Lower Productus beds : 

Brachiopods ... Productus (Dictyoclostiis) spiralis, Margimfera vestifa, 

Sirophalosia tetmispuia, Auloslegcs iriuiucnsis, 
Dietasuia irimuense, D. elougatuni, Hcmiptychina 
{Beechena) sublaevis, Spirifev {Xeospirifer) niar- 
coui, S. (iV.) kimsan, Spinfer {Fuselhi) nigcr, Mar- 
iinia sciniglobosa, Athyris [Cleiothyridina) roissyii 

Lamellibranchs ... Parallellodon triwucnsis, Cardiomorpha suhlimosa, 

A uodontophiiva purdoni 

■Gastropods ... Bucania kattaensis, Xaiicopsis scssihs 

Middle Productus beds • 

Brachiopods ... Orthis indica, Ilnteletes loaageni, Strcptorhynchus 

pelargonatus, Derby la hemispherica, Kiangsiella 
Pectimfornus, Productus [DictyocJostus) indiciis, 
P. (D ) tran$i'er.',alis, P {Lhioproductus) hneatus, 
P. (Waagenoconcba) abichi, Marginifera typica, 
Caumrophoria purdoni, Teithyafuloidea deprcssa, 
Dtclasma truncatuni, Oldhamina decipiens, Richtho- 
fenia lawrcnciana, Hemiptychina inflata, Spinfer 
{Afielasma) wynnei, Athyris [Cleiothyridina) 
capillata, Martiniopsis punjabica, Spiriferina 
(Spiriferellina) cnstaia, Spirigerella grandis, S. 
derbyi 

Lamellibranchs ... Allorisma u>aageni, Schizodus duhiformis, Pseudonio- 

notis waageni, Aviculopecten regularis 

Gastropods ... Pleurotomaria [MourloHia] punjabica 

Cephalopods ... ... Metacocerasgoliathus, Solenochcilus percgi inits, Xenaspis 

carbonaria 

Upper Productus beds . 

Brachiopods ... ... Schizophoria juresanensis, lAitcleies sulcatus, 

Productus [Dictyoclostus) indicas, P. [D.) spiralis, 
Tschernychewia typica, Productus [Dictyoclostus) 
aratus, Productus [Linoproductus) cora, Sirophalosia 
horrescens, Chonetes squamulifer, Camarophoria 
superstes, Lyttonia nobilis, Hemiptychina hima^ 
layensis, Spinfer [Xeospirifer) uarchensis, 
Spirigerella grandis, S. praelonga 
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Lamellibranchs . . Schi-odus eina)gtnaft(<;, hlayt}nca, Aviculo- 

pecien nioraheyisis 

Gastropods ... . . Plenrotomaria {IVoithenia) dmga, BelleropJKm cqiii^ 

vocalis, B. jonesianii-i, Xaficopsis sessilis 

Cephaiopods ... ... I'oordicerus old/iami, Phiuetocevas postremnyri, Bpi- 

sageceras idynnei, \Vaagcnoct'ya‘^ cf. oldhayyn, 
Xenodisciis pUcafus 

Dr. F. R. Cowper Reed, after examining the recent extensive collections 
from the Salt Range, states that there are no grounds, based on faunal 
characters, for subdividing the three major divusions of the Productus Lime¬ 
stones into stages as vas done by Waagen. Even on purely lithological 
grounds, such a sub-division cannot be sustained. Even the separation 
of Middle and Upper Productus Limestones is difficult, for the brachiopod 
faunas are for the most part common to the two. However, the Upper 
Productus beds are more arenaceous and contain a number of lamellibranchs 
and cephaiopods not present in the Middle division. 

The Lower Productus beds are characterised bj' the presence of Productus 
spiralis. Spirifer marcoiti and S. niger. The subgenus Taeniotherus of 
Productus. and the genus Aulo.sfegc’s appear also to be confined to them. 
Many of the species found in the Lower Productus l')eds do not seem tO' 
extend into the higher division. 

The Middle Productus beds are verv rich in brachiopods. The sub¬ 
genera Haydcnella and Cancrinella of Productus, and also Richthofenia are 
confined to them. The upper division is characterised by Tschernvschewia 
and Cryptacanthid and several cephaiopods. 

Faunal Affinities.—The Lower Productus beds have affinities to the 
Agglomeratic Slates of Kashmir and to the Permo-Carboniferous of Western 
-Australia. The Middle and Upper divisions correspond to the Chitichun 
Limestone and the Zewan beds of Kashmir. The Ruling shales (Productus 
shales of Spiti) seem to be the equivalents of Upper Productus Limestones 
while the sandstones underlying the Ruling shales correspond to the 
Jliddle Productus. The .Anthracolithic of Shan States show some general 
resemblance, though few fossils are identical. The Middle and Tapper 
divisions are equivalent to the Lopingian of China which contains several 
identical species of brachiopods. 

The Lower Productus beds contain a strong element of the Pacific 
fauna which is developed in Australia, while the Middle and Upper divisions 
show a similar relationship with the boreal or Russian fauna. However, 
mingled with these, there is a strong local or endemic fauna showing that 
the Indian region was a distinct life province with its own special characters. 
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PI.ATE XIII 
i’ERMIAX FOSSILS (II) 



Explanation of Plate XIII 


46. Marginifera typica (1/3). 47. Richthofcma la^urcnciaiui {\'A) {a, large 

valve; section of a ; r, small \ alve). 48. Strophalo^ia ludtca [2A) 49- Auloste^es 

niedhcottianus fl '2). 50. Choudes graudicosta (1/4) 51. lintclcte’^ siiblaccn (1/3). 

52. Dielasi)ia hiplcx (P3) 53. Hcmiptychuia hinuiluycnsis (2;'3). 54 X(dothvris 

sitnplex (2/3). 55. Unciniilus thcohaldi (1/3). 56 Oldhamina decipicns (1/3) {a, 

ventral and b, dorsal valves ; c, side view). 57. Spingcyellu dcrbxi (1;2). 58. 

S. gnindis (1/3). 59. Athyris subexpaH^,a (2/3). 60. A. royssii (2/3). 61 Rtiiciilana 

lineaia (2/3). 62. Spiyifer striatus (1/3). 63 tmisakhc\lc}i-^i<i (1/3). 64. 5. 

maycoui (1/4). 65. 5. nigey (1/3). 66 5 alatus (1/3) 67. Stytptoyhxnchii^ pelur- 

goyiatus (3/2). 68. Deybyia grandis (1/6). 69. Derbyia heuuspfuLyica d 3). 70. 

Styeptoyhynchus pectinifoymis (2'3) 71 Oythis indica (2/3) 
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FAUNAL CHARACTERS AND E\ OLUTIOX 

The fauna of the Productus Limestones bears some resemblance to 
that of the European Carboniferous so that Dr. W. W'aagen did at first 
correlate the tno. But later studies and the disco%'ery of marine fauna 
in Sicily and the Urals showed that it v\'as really Permian. It was also 
realised that the Salt Range Permian rocks represent a complete succession 
of normal marine Permian in the world. 

The fauna includes all sub-divisions of the animal world except reptiles- 
and the higher vertebrates. Fusulinids are found in large numbers in 
the lower Productus beds. Crinoids, hydrozoa and bryozoa are plentiful ; 
the crinoids are all of the Palaeozoic type such as Cyathocyinus and Philo- 
crintis, and in certain places they must have been e.xtremely abundant as 
they make up large masses of limestone. 

The Chitichun Limestone contains two trilobites, Phillipsia middlemissi 
and Cheiropyge himalayensis which are amongst the last of this extinct 
order of animals. 

The extraordinary richness of the fauna in brachiopods and other 
fixed forms of life (crinoids and bryozoa) shows that these must have 
constituted veritable submarine forests at the bottom of the relatively 
shallow seas, and that the conditions were eminently suitable for luxuriant 
development of organisms. In addition to many normal forms, there 
were also various aberrant brachiopods. One of the most remarkable 
of these was Richthofenia (which bears a re.semblance to the form assumed 
at a later period by the lamellibranchs classed under the Hippiiritidae) 
which occurs in the Lower and Middle Productus beds. The aberrant 
forms Lyttonia and Oldhantina occurring in the Middle and Upper beds 
have dorsal vah'es resembling a midrib to which are attached a number of 
linear processes. Noetling (Palaeontographica, Vol. 51, 1908) regarded 
them as representing a specialised branch of the Prodxictidae. These very 
specialised forms had naturall}' a very brief range in geological time and 
died off as soon as the fai ourable conditions of life were disturbed. The 
higher organised brachiopods such as the Terebratulids and Rhynchonellids 
surviied the changes at the end of the Palaeozoic era and continued to 
flourish in the Mesozoic. 

The gastropods and lamellibranchs, which are of subordinate impor¬ 
tance in the Himalayan Permian and in the Lower and Middle Productus 
beds of the Salt Range, attain gi'cat prominence in the Upper Productus 
beds, and probably indicate the shallowing of the ocean basin. Amongst 
the gastropods, a large number belong to types in which the outer lip is 
notched by a slit. The most important gastropods of the Upper Productus 
beds are Bellerophon which is represented b\- over 20 species, Euphemu^ 
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indicus of which an enormous number of individuals occurs, and the large 
tooth-shell Entails tiercidca. J he laniellibranchs are more or less concen¬ 
trated in the Chidru beds ; some of them [SLliizndiis. Pleurnphorus, 
Allorisma) are typically Permian while a few precursors of the Mesozoic 
genera, Mytilus and Septifer, also occur. 

The cephalopods are represented by Xautiloids and early Ammonoids, 
the latter being abundant m the Upper Productus Limestones. The 
Ammonoids are easily distinguished from the Xautiloids bv reason of the 
complicated patterns of the sutural lines. They arc di\ idcd into three 
groups—the Goniatites, t\pical examples of uhich ha\'e rounded saddles 
and angular lobes ; the Ceratites in which both the saddle and the lobes 
are generally rounded ; the .Ammonites in which both the saddles and 
lobes develop highly irregular and invoh-ed patterns. 

Each of these groups has .shells of wiriou'- thickness in different species. 
.At a certain stage of development there is a tendency to bifurcation of 
character of the shell in order to strengthen it ; m the one case the shell 
becomes corrugated and sculptured and in the other the sutural line [i.c., 
the line of junction of septa and the shell) becomes complicated. These 
two lines of development are particularly well exemplified in the Ammonites, 
but the Goniatites and Ceratites also show them to a somewhat limited 
extent. As the specific characters dix erge more and more from the normal, 
the organism becomes delicate anti any sudden changes in the environment 
have a disastrous effect on it. It is thus that we find these groups dying 
off in large numbers at the end of each geological period. Each of these 
groups has a limited distribution in geological time, the Goniatites being 
essentially Palaeozoic, the Ceratites characteristic of the Triassic and the 
Ammonites particularly abundant in the Jurassic and Cretaceous. It was 
therefore that the announcement, in 1872, of AVaagen’s discovery of ('('ratites 
and especially of the .Ammonites in the ‘ Carboniferous ’ strata of India 
came as a surprise to Palaeontologists. 

1 he species known as Cvdolnhus nld/iami xvas first described by 
A\ aagen under the name of PhvUocrras ohlhami it was belnwed to belong 
to the .Ammonite group on account of the serrated outline of its sutural 
inflections. It was later recognised that the Goniatites and Ceratites 
had also the same types of dex'elopmental stages as the .Ammonites. 
AA’aagen’s diagnosis of Xenodiscus as a member of the Ceratite group proved 
to be correct. Cydolobus oldhami is now regarded as a highly specialised 
member of the Goniatite group and the anomaly of a ‘ Carboniferous 
ammonite ’ has been explained. 
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KASHMIR-HAZARA 
THE IXFRA-TKIAS 

Unfossiliferous Upper Palaeozoic rocks are developed in the Lesser 
Himalayan zone which would include the Simla, Garhwal and the Kashmir- 
Hazara regions, all of which seem to have some general resemblance. 

The Tertiarv (Murree) zone of Kashmir contains inkers of doloraitic 
limestone in which no fossils have been found. This is called the (ireat 
Limestone, and is regarded as the upper part of the Infra-Trias series of 
Hazara. 

In western Kashmir and Hazara the Tanawal scries is overlain by a 
boulder-conglomerate containing ice-striated boulders. This formation 
is probably the equivalent of the Talchir Boulder-bed. Over this are 
found purple sandstones and shales which are in turn followed by 2,000 feet 
of unfossiliferous dolomitic limestones. This group of rocks is known 
as the Infra-Trias series as it underlies Triassic formations. The dolomitic 
rocks are, in places fe.g., in Kaghan) intercalated with flows of the I’anjal 
Trap. Their age is therefore, at least in part, Upper Carboniferous to 
Permian. 


SIMLA-GARHVVAL 

IXFR.\-KROL AXD KROL SERIES 

The Upper Palaeozoic unconformity in the Simla region is probably 
indicated by the presence of the Blaini Boulder-bed whicli may be correlated 
with the Tanakki conglomerate of Hazara. The Blainis contain also some 
pink limestones and slates, the latter resembling the slates of the Infra- 
Krols. The Infra-Krols consist of dark slaty shales with thin bands of 
quartzite. The Infra-Trias is presumably represented here by the Infra- 
Krol and Krol series, but it must be pointed out that there is little litho¬ 
logical similarity between the rocks of the two areas. 

Ill the Krol belt of the Sirmur State the Krol Series is well developed. 
Its basal beds are Krol Sandstones, orange to brown in colour, generally 
soft, and containing fragments of shale. Thev are followed bv limestones 
which show five sub-divisions with an aggregate thickness of 2,000 feet. 

Krol I'..—Itlassivc cream colourcU limestone, calcareous sandstone and brown 
shales. 

>> R-—L'lierti" liinestone, dark limestone, bleached shales and ijiiartzitcs. 

.. C-—Massive crystalline limestone, often sulphurous 

.. B-—Ked and green shales with dolomitic limestone. 

>• —Thin bedded blue limestone, shaly limestone, calcareous and carbo¬ 

naceous shales. 
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In Garhwal, the Lower Krols (A) are slat\% the ilicklle Krols (13) being 
represented by purple shales and the Upper Krols ((', 1), E) by massive 
limestone as seen around Mussoorie and further east. 'I'he Krols of the 
two areas are compared below ; 



Simla 

Uarhwai 

Krol E 

1 



Upper Krul Limestone 

Massive Limestone 

c 

j 


„ B 

Middle Ivrol ; Red Shales 

Purple ^shales 

-V 

Lower Krol . Limestone 

Slates 


There are two great overthriists in the Krol belt, the (liri thrust which 
brings the Blainis and Jaunsars over the Krol Series, and the Krol thrust 
which brings the Infra-Krols over the Kasauli (Tertiary) beds. In the 
( hakrata area the Krol thrust brings the Krol and older rocks on to the 
Subathu beds. The Krol Senes is seen to lie highly folded in the area 
between these two thrusts. 

The Krols show signs of rather shallow water tlejiosition and only 
rarely contain fragmentary and undeterminable fossils. The foetid 
limestones occurring in them may be taken as indicating that the basin 
of deposition was far from favourable for the habitation of organisms. 

In the Simla region there are also the Shalt Limestones, dolomites 
and slates whose age is unknown. Init from whose resemblance to the Krols, 
the two might perhaps be correlated. The .^hali Limestones are overlain 
bv the Madhaii Slates and these in turn by the Subathu and Dagshai beds. 

The Blainis may be roughly correlated with the Permo-Carboniferous, 
and the Infra-Krol and Krol beds with the Permian. This is however a 
mere conjecture. 


EASTERN HIMAL.WA 

In the Lesser Himalayas ol Darjeeling, Biixa Diiars, Bhutan and some 
other places further east, the Upper Carboniferous and Permian are 
represented by the Gondwanas in which typical Barakar rocks with car¬ 
bonaceous shales and poor coal seams have been recognised. 1 he 
Gondwanas are generally thrust over the Siwaliks to their south. It has 
already been mentioned that in the Rangit valley in northern Sikkim, in 
the Subansiri valley and in the .Abor hills, the Lower Gondwanas are 
associated with marine Permian rocks. 

BURMA : SOl’THERN SHAN STATES 

The L'pper Plateau Limestone has yielded several Permian corals— 
Sinophyllum, Iranophyllutn splendens, II entzclla cf. timorica etc. which 
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have clear affinities uitli the Permian fossils from Southern (3hina and Persia 
{Pal. Ltd. N.S. 30 |2), 1941). 
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CHAPTER XII 


THE TRIASSrC SYSTEM 

The marine Triassic is well tleveloped in the northern Himalavan zone 
in the classic area of Spiti and its sub-di\'isions are easy of correlation 
with those of the Mediterranean region of Europe. This belt extends 
into Kiimaon, there being some differences in the lithology near the Nepal 
border. To the west, in Kashmir, the strata are thicker, but they have 
not been studied in as much detail as in Spiti, though se\'eral important 
zones have been identified. The Triassic of the Cis-Indus Salt Range is 
incompletely’ dex’eloped, only the lower division and the lowe.'t part of the 
middle division being seen. The upper division is, howe\’cr. seen in the 
Trans-Indus portion. 



Fig. 8—c;K.\'ER.-\i,ibEn Sei Tio.x Xe.\r Lil.\.\g, Spiti. 

(.Vftkr ,t. vox Kr.\fft. As in Diexer. Mi - iii . 36. Pt. 3l 

1. Productus shalc.s 2. Lower Trias 3, Muschelkalk. 4 Uaoiu-lla shales. 
5. Daonella liraostonc. 6. Ilalobia limestone 7. Grey beds. 8. Tropites shales. 
9. Dolomite with Lniia niisiriaca 10 Juvavites shales. II. Coral limestone. 
12. llonotis beds 13. Quartzite .senes 14. Megalodon limestone, a Zone of 
Joannites IhanameH^i.^. h Zone of Joannites cymhifjyiins. c. Brachipod layer 
(Grey beds) d. Zone of Tiopi/es e Zone of Mmiutiy -ijlinaria. 
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Table 40—^Tkias of Spiti 


[CHAP. 


(After Hayden, Mem. XXXVI. Pt. 1. and Diener, Ibid., Pt. 3) 

i : 

Division Name of beds Description of beds 

Thick¬ 

ness 

FT. 

J.IAS Kioto ^lassive limestone and dolomite (with 

( = Me,i^alodon) Siephanocera‘=i corouatuni. 350 ft below 

the top). 

‘ 1,600 

Massive limestone and dolomite {with 

I’cra yioeihngi, Megalodon ladakliensis and 
Diceruciirdiiim himcdayensc 300 to 400 ft 
, Limestone above base) 

800 

1 

White and brown quartzites with grey hme- 
(Juartzite senes stones and black shales (with Spingera 

■n i mamensts). 

c 

300 

1 Sandy and shaly limestone with brown-wea- 

1 Monotis shales thering shales and sandstones (with Mono- 

j ti^ sahnaria diXid Spinfenna gyicsbachi). 

300 

/II* Limestones bvith Spinfeyind i’yieshachi, and 

( oral hnie'^tone , , j ^ » 

cs: coral and crinoid remains). 

100 

Ah 

.f* Jiivavites b^'ds Droun-weathenng shales, limestones and 

^ sandstones fwith juvai-iie^ anguJafU'^). 

500 

Dulomitic limestones (with julicuni), 

Trupites beds Shales and dark limestones with ammo¬ 

nite bed {Tyopites subbuUatns) 400 ft above 
base. 

300 

600 

o (Irex shales and shaly limestones with a bi- 

g drey beds \alve bed 300 ft above base, and an am- 

monite bed 50 It. above base. [Sptriferina 
slitiL‘:h<ih'tists and foaimitci cymbiformis). 

500 

Dark splintery limestone (with Halohia cf. 
Halobia beds comata). Bed \^ith foannites thancimensis 

near base. 

140 

i Daonella Lime- Hard dark limestone (with Daonella indica). 

! stone. 

: n ' i 

150 

^ 1 
cs Daonella shales Black limestone, shaly limestone and shale ! 

160 


(with Vannella lammeli and Ptychitr<; gerardi). 



Lpper Muschel- 
kalk 

Concretionary limestone 
{Ptychites mgifey). 

with shale bands 

1 20 


I.ower Mu>(.hel- 

Dark shales and grev 

limestones (with 

! 


knlk 

Kev‘=ieylingites dieneyi, 
Spiytfeyina styacheyi.) 

Sibiyites pyahlada, 

6 

A 

o 

(f3 

i Xodular lime¬ 
stone 

Hard nodulaV limestone 

with few fossils. 

60 


Basal Muschel- 
kalk 

Shaly limestone (with 
hachi). 

Rhviichonella gyies- 

\ 

3 
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Thick- 


Divisions 

Xanie of beds 

Description of beds 

1 ness 



i 


■ FT 


i 

i Hedenstroemia 

Diinestone withPseiidovionnti s h.unaica. Shalv 

3 


1 

beds 

limestones and shales alternating ('imfossi- 

24 




liferous) 



; 


Tliin-bedJed limestones and shales (witli 

7 

in 

[ 

1 

Hcdtnstroemia fnojsisovicsi, Fleminiiifes 


5 

i 

i 

Yohilla and Xcnodisciis nirahs). 


b- 






1 ^ 

Meekoceras 

Thin-bedded limestones and shales with 




2 one 

yieekoceras varaha and Meekoceras liJan- * 

3 

o 

: 

m 


,^ense. i 



Ophiceras zone ! 

Grey limestone with Ophiceras sakiiniala and 

1 



i 

Pseudo}no}ioiis griesbachi. ' 




Otoceras zone 1 

Brown limestone with Otoceias ivoodwaidi. 

2 

PERMI.A.N j 

Productus Shales 1 

Dark shales with Permian fossils 



The L’pper Trias js seen as a thick series of argillaceous rocks in the 
Zhob-Pishin region of Baluchistan on the west and in the Arakan region 
on the cast. The Triassic rocks assume the red sandstone facies in parts 
of Yunnan and Szechuan, bearing some resemblance to the Gondwana 
strata of the same age. A marine facies is however to be seen in the areas 
bordering on the ‘ Red basin ’ of China and in Tonkin in Indo-China. The 
Teth 3 ’an facies is de\-el()ped in the Indonesian .Archipelago, particnlarlj’ 
in Timor Island from which excellent fossil collections ha\-e been got. 
To the west of the HHnala\s. the Triassic rocks ha\'e been recognised in 
several places between them and the .Alps. Indeed there is a remarkable 
similarit}’ between the calcareous Tibetan facies and the Hallstatt marble 
facies in the Eastern .Alps not onlv in fauna but also in lithologv. 


SPITI : THE LILANG SYSTEM 

The most complete section of the Trias is e.\posed in the .Spiti-Kumaon 
belt of the Himala\m north of its main axis where it forms immense escarp¬ 
ments rising often to a height of 10,000 feet from the level of the adjoining 
vallej’s. Deriving its name from the tvpe section of Lilang in Spiti, the 
.system is seen to comprise black limestones with shale intercalations and to 
attain a thickness of nearlv 4,000 feet. It is entirelv marine in character 
and is fossiliferous except in the topmost division which grades imper¬ 
ceptibly into the Lower Jurassic without anv change in lithologw 

As in Europe, it is divisible into three series, but the divisions are of 
ver\' unequal thickness. The Lower Trias is onlv 40 feet and the Middle 
400 feet, while the Upper Trias attains a thickness of 3,500 feet. 
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The Himalayan Trias has been studied in Sjiiti, Johar, Painkhanda 
and Evans. Superb sections are seen in the neighbourhood of Lilang and 
other places in Spiti and in the Bambanag and Shalshal cliffs further east, 
though, unfortunately, the.se arc difficult of access from the plains. Table 40 
gives details of the general section at Lilang. 

LOWER TRL\S 

The Lower Trias follows conformabK' on the Productus Shales and 
consists of limestones and intercalated shales. The basal 10 feet contain 
rich fossiliferous zones showing at least three distinct faunal assemblages, 
viz., Otoceras-Ophiccras, Meekoccras and Hcdenstroemia-l'lcmiiii^itc^ faunas. 
The chief fossils in these zones are : 

Otoceras zone ... ... Otocerei^ woodivaydi, O. cf. undatiiin, Opliiceras iakun- 

lala, Psendosageceias daJailamac. 

Ophiceras zone ... Ophiceras sakimtulu, O. tibeiicuin, Xenodiscm radians, 

Pseudoiiioiinlis gnesbachi 

Meekoceras zone ... .\feekoccras raralia, M. markhami, M. lilangense, 

M. jidinkensc, Aspiditcs spitiensis, Koninckifcs 
haydcni, Xcnodiscns radians. 

The three abn\-e-mentioned zone■^ are close together anil separated 
from the Hcdensirocmia beds bv 2 to 4 feet of unfossihferous rock. The 
Hedenstrocmia beds contain some 30 species of cejihalopods including 
Hcdensirocmia mojsisovicst. Sihirites spiticnsis. Psc'/idosupixerus miiUilo- 
batuni, Xenodiscus nivalis, Fleminpitvs rohilla. .-ispidites muthianus, 
Meekoccras cf. joharense. Koninckifcs g/gioi/em'. 

These are followed by similar but unfossiliferou.s beds ha\-ing a thickness 
of about 24 feet, abo\'e which a fossiliferous 3-foot bed occurs, containing 
Pseudoninnotis himaica and P. dccidcnsc. 

311DDLE TRL\S 

The Muschelkalk. —Within 2 to 3 feet of the last mentioned bed, 
there is another horizon which yielded Rhynchnnella grieshachi and Retzia 
himaica which are referable to the basal Muschelkalk. It is followed by 
hard, nodular limestone, about 60 feet thick, similar in lithological charac¬ 
ters and stratigraphical position to the Xiti limestone of the Xiti Pass in 
Kiimaon, and containing only a few fossils. The over-lying beds, con¬ 
sisting of (kirk shales and limestones, constitute a typical Lower Muschelkalk 
horizon, with an ammonite-rich lower part and a brachiopod-rich upper 
part. They contain : 

Cepbalopod-s ... Keyscrlingifes (IJmguites) dieneri, franuhiles kansa, 

Dalmatih's tnpini, Monop/ivUitfs hara, M. confiicii, 
Sihirites prahlada. 

Spiriferina slracheyi, Rhynchnnella dieneri. 


Brachiopods 
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PLATE XIV 

TRIASSIC FOSSILS I 



Explanation of Plate XIV 


I. Nautilus hralimanicus (1/3). 2. Hledhcntfia dalailamu’ (1/4). 3. Oloceras 

woodwardi (1/6). 4. Meekoceras varaha (1/4). 5. Ophicenis sakuntala (1/3) 6. 

Danubites himalayanus (1/3). 7. Ceratites subrobitstus (1/8). 8. Flcmingites tohtlla 

(114). 9. Hedenstvoenna mojsisovicsi (1/6). 10 Aspidites superhus (1/12) 

12 
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The Upper Muschelkalk.— This consists of a concretionary limestone 
and contains a large number of cephalopods and a fcM' brachiopods and 
mollusca. Amongst the fossils are : 

Brachiopods ... Cncnolhyris cf. I'ulguyi.',, Menl:elia Kocvcskallicnsis. 

Cephalopods ... Ptyohites riigifer, P. gerardi, Cerafites thiiilleri, C. 

tnnodosus, C. (Hollandites) rarana, C. (II.) vniti, 
Beyrichiies khanikoffi, Stuna san.^ovinii, liudd- 
haites rama, Gymnitcs joUyanus, Orthoceras spili- 
eiisis, Joannites cf. proavus, Proarcestes atf. 
bramaHtci. 

LADINIC STAGE 

Daonella Shales. —The Upper Muschelkalk bed shows a gradual 
passage to the Ladinic stage, there being no noticeable change in the 
stratigraphical unit ; that is to say, the Ladinic begins somewhere in the 
middle of the concretionary limestone. The lower part of the Ladinic is 
the Daonella Shales, about 160 feet thick, consisting of shaly limestones 
and shales. The passage beds contain Spirigera hunica, Arpadites cf. 
lissan'iisis, Protrachyceras spitiense, Rimkinites nitiensis, Ptvchites gerardi 
Jnainiitcs kossniati, J. proavus, Proarcestes cf. balfouri, etc. Many of the 
fossils are common to both the Upper Muschelkalk and the Daonella Shales. 

The Daonella Shales enclose a typical Ladinic fauna amongst which 
may be mentioned : Daonella lommeli, D. indica, Spirigera hunica, Hunga- 
rites pradoi, Rimkinites nitiensis, Protrachyceras spitiense, Pinacoceras sp., 
Ptychites gerardi, Joannites cf. proavus, Proarcestes aff. hramantei. 

Daonella Limestone. —The Daonella Shales are overlaid by a mass 
of homogeneous splinter}- limestone, 280 feet thick, but this is divided into 
two stages by a band of black limestone with shale intercalations in the 
middle. The portion (160 feet) below this dark band contains Daonella 
indica throughout, the lower part containing also Daonella cf. lommeli. 
The portion containing D. lommeli is included in the Ladinic stage while 
that above is assigned to the Carnic stage. Hence, on palaeontological 
grounds, the line of division between the Middle and Upper Trias passes 
halfway through the Daonella Limestone. The Daonella Limestone contains, 
besides species of Daonella, the cephalopods Rimkinites nitiensis, Joannites 
kossamti, Celtites trigonalis, Monophyllites cf. ivengensis and the brachiopod 
Rhynchonella rimkinensis. 


11. Ceratitei thouiUen (1/4). 12. Aspidites spitiensis (Xjyj. 13. XenodiscHs radians 

(1/4). 14. Hungarites middlenu<;n (1/3) 15 Kashminles blaschkei (1/3). 16. 

Grypoceras vihianum (1/3). 17. Iscuhies middlemtssi (1/3). 18. Ceratites (Hollan¬ 
dites) ivili (1/4), 19 . Sibintes prahlada (2/3). 20. Gymnites jollyanus (1/4). 21. 

Gymnites (Buddhaites) rama (IjA). 22. Plycliiles gerardi (\ 14). 23. Ptychites rugifer 

(1/6). 24. Lobites oldhaminiis (2/3). 
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UPPER TRIAS : CARNIC STAGE 

The Upper Trias, which attains a huge thickness, is divisible into two 
main divisions, the lower mainly shaly and the higher mainly calcareous. 
They correspond more or less with the faunistic division as in the case 
of the Alps where a lower (Carnic) stage is distinct from an upper (Noric) 
stage. The Carnic stage in Spiti comprises the beds upwards from the 
upper part of the Daonella Limestone to the base of the Juvavites beds. 

Halobia Limestone. —The dark limestone bed just abov'e the Daonella 
Limestone is the zone of Joannites thanamensis. The limestone overlying 
this is the Halobia Limestone characterised by Halobia cf. comata which is 
a typical European fossil of the Julie substage of the Carnic. 

Grey Shales. —The Halobia Limestone is overlain by the Grey Shales 
which hav'e a thickness of 500 feet and consist of shales with intercalations 
of shaly limestone. They show fossil horizons a little above the base and 
again at 300 feet above the base. The lower horizon contains Trachyceras 
aff. anae, Joannites cf. cymbiformis, Monophyllites cf. simonyt, etc. The 
uppet horizon yielded only one ill-preserved ammonoid {Paratropites sp.) 
and several brachiopods and bivah'es : 

Brachiopods ... ... Rhynchonelta lancana, R. himaica, Spirifsrina shal- 

shalensis, S. gregaria, Mentzelia nientzetii, Dielasma 
juheum. 

Bivalves ... ... Ldangina nohilis, Pontarangma tiaydem, Lima sp. 

Tropltes Beds. —The Grey Shales are overlaid by the Tropites Beds, 
the lower 600 feet of which are calcareous shales with limestone inter¬ 
calations. About 400 feet above the base of these there is a nodular lime¬ 
stone containing a rich, but badly preserved, cephalopod fauna w'hich 
includes Tropites ci. suhbullatus, T. discobuUatus, Clydonautilus acutilohatus, 
Jovites spectabilis, Sandlingites aff. reyeri, Proarcestes cf. gaytani. 

The upper part of the Tropites Beds are dolomitic limestones, with a 
thickness of 300 feet also containing Carnic fossils— Dielasma jtdiciim, 
Spirifcrina aff. shalshalensis ; Lima cf. austriaca, Halahia aff. superba, 
Daonella aff. styriaca. 

The Carnic beds, which end with this limestone, have a total thickness 
of 1,600 feet. 


NORIC ST.LGE 

Juvavites Beds. —The Tropites beds are followed conformably by 
brown-weathering limestone with shale and sandstone beds having a total 
thickness of 500 feet. Their characteristic fossil is Juvavites angidatns 
which is associated with others, such as— 
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Explanation of Plate XV 


25. Proiirceslfi baljouri (1/4). 26. Danubiles kansa (1/4). 27. Orthoceras cL 

campanile (1/3). 28. MonophyUites confucii (1/3). 29. Halorites procyon (1/4). 

30. Parajuvavites feistmanteh (1/3). 31. Cliomtes woodwardi (1/3). 32. Ditt- 

marites hindei (1/3). 33. Pinacoceras parma (1/3). 34. Tibetites ryalli (Iji). 35. 
Bambanagites dieneri (1/3). 36. Joanmtes cynibiformis (\jA). 3?. Juvavites angulatus 

(1/3). 38. Siremtes elegans (1/3). 39. DisUchites sollasii (1/8). 40. Margarites- 
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JnvuL'itcS aft. ehrltchi, Anaiomites aft. melchioris, Tibfti/es cf ryalh, Pitiacoceyas 
aft. pa>ma, Mcfacaymtc<> fontci, Diitmuntes hlliformis, Atyaciite% cf. alveolayis, Paya- 
naiitihis aycesiiformis * 

Bivalv'es ... ... Lima cf. serraticosta, Pecten aff. montlifero, Halobia 

aft. fascigeroe. 

Coral Limestone. —The base of the overlying stage, the Coral Lime¬ 
stone, is a calcerous sandstone with plant remains. The Coral Limestone, 
which is 100 feet thick, abounds in crinoidal and coral remains and contains 
two brachiopods Spirifefina grieshachi and RhvnchoiicUa bamhanagensis. 

Monotis Shales. —Above the Coral Limestone are shaly limestones, 
black limestones, flaggy sandstones and sandy shales, which attain a 
thickness of 300 feet. The sandy shales and sandstones especially contain 
abundant fossils, which include—- 

Bivalves ... ... Monolis saUnaria, Lima cf. sciraticn^ta, Pecten att. 

mitnili/crii, P, mayganticoetatus, Pleuromyj Inmaica. 
Brachiopods ... ... Spinferma gneshaclu, Spirigeia dieiien, Aiilacethyris 

JI’lutyensis, HhynchaneUa hiimhaniigeiisis 

Quartzite Series. —linmediatcly abox-e the Monotis Shales are white 
and brown quartzites. 300 feet thick, which form a conspicuous horizon 
visible from a distance. Most of its fossils are also found in the Monotis 
Shales, but Spirigcra manicnsis is restricted to it. 

Megalodon Limestone (=Kioto Limestone).— The topmost beds 
of the Triassic sequence are thick massix'e limestones and dolomites which 
Griesbach originally included in his Rhaetic system. Their total thickness 
is of the order of 2,500 feet and they bear a striking resemblance to the 
Dachsteinkalk of the .Alpine region both in lithology and stratigraphical 
position. The}' hax-e a uniform appearance throughout their thicknes 
and are for the most part unfossiliferous. Fossils hax'e been found betwee . 
200 and 300 feet from the base, amongst which are— 

Megalodon ladakhensis, EntoUmn cf. suhdemissum, Pecten cliabyangensis, Luna 
cumaunica ; Spnigeya noetlingi, Spiyiferina cf haueri. 

Near Hansi, large numbers of Megalodon ladakhensis and Dtceracar- 
dium himalavense are seen in the limestone about 50 feet abox'e the Quartzite 
Series. This was called the Para Limestone by F. Stoliczka and referred 
to the Rhaetic. The fossil assemblage however shows the limestone to be 
Noric. 

The Megalodon Limestone, to which Hayden has advocated the use 
of the name Kioto Limestone, is overlain by the Spiti Shales of Callovian 

geoygi (2/3). 41. Tyopites sub-bullatiis (l,f3). 42. Sandhngites oribasus (1/6). 43. 

Helictiles cf. geniculnio {2/3)- 44. Jelhnehttcs barnardt (1/3) (confined to Tropites 

limestone beds). 45. Thisbites meleagri (1/3). 46. Didymites tectus (1/3). 47. 

Proaycestes gaytani (1/3). 48. Canutes floridus (1/4). 49. Placites polydactylm (1.'4) 

(numerically the most abundant fossil in the Tropites limestone bed). 50. Jovites 
daciformis (1/4). 51. Atradites elliphcus (\13). 
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age. Near Giumal, the Megalodon Limestone yielded the typical Middle 
Jurassic fossil Stephanoceras coronaium about 370 feet below the base of 
the Spit! Shales. About 1,000 feet further below {i.e.. below the Stepha¬ 
noceras coronaium zone) Spiriferina cf. obtusa was found which is probably 
Liassic in age. Diener has therefore come to the conclusion that, out of 
a total thickness of 2,550 feet for the Megalodon Limestone, the lower 
800 feet may be assumed to be Upper Triassic and the rest Jurassic. Heim 
and Gansser state that only a small part of the Kioto Limestone is of 
Lower Liassic age and that it is followed, after a break in deposition, by 
a ferruginous oolite bed containing Callovian fossils. (See p. 366). 


PAINKHANDA (KUMAON) 

Excellent sections of the Trias are exposed in the Bambanag and 
Shalshal cliffs in the north-western part of Kumaon. Table 41 shows 
the general succession observed. The Painkhanda section, though re¬ 
sembling that of Spiti, has some peculiarities. In particular, the Ladinic 
stage dwindles down to insignificance and the Upper Trias is much less 
thick. 

The lowest three beds of the Trias contain the Otoceras-Ophiceras 
fauna in which, besides species of these, there are Episageceras dalailamae, 
Hungarites sp., Meekoceras hodgsoni, Xenodiscus himalayanus, etc. The 
top of the lowest zone contains also abundant Pseudomonotis griesbachi. 
Dark shales having a thickness of 18 feet intervene between the Ophiceras 
beds and the Meekoceras beds, which are succeeded by 5 feet of unfossili- 
ferous grey limestones and these again by the Hedenstroemia beds which 
contain Flemingites rohilla, Xenodiscus nivalis and Pseudomonotis himaica. 

The Muschelkalk begins with a 3-foot limestone zone containing 
Rhvnchonella griesbachi and Sibirites prahlada. The nodular limestone 
of Spiti is represented here by the Xiti limestone having a thickness of 
60 feet. The Spiriferina stracheyi beds with Keyserlingites dieneri, Mono- 
phvllites hara and Dalmatites ropini overlie the Niti limestone. They are 
followed bv the Upper Muschelkalk Limestone (Ptychites beds) enclosing 
a very rich cephalopod fauna the important species in it being : Hollanditcs 
voiti. H. ravana, Ceratites thuillcri, C. trinodosus, Beyrichites khanikoffi, 
Buddhaites rama, Gymnites jollyanus, G. vasantasena. Ptychites ritgtfer, 
P. gerardi. 

The Ladinic stage is all but absent, being represented by 20 feet of 
thin bedded limestones containing a few fossils, most of which are the same 
as those occurring in the ONx-rlying beds. It is only the presence of Joannites 
cf. proavus that indicates the presence of the Ladinic. The characteristic 
fossil of this stage, Daonella cf. lommcli, is not found in Painkhanda. 
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Table 41 —Triassic section in Painkhanda 


Lias 

Mcyalodon Limestone (m part) 

1 FEET— 

L500? 

' Upper Mei^aiodon Limestone {in part) 

500 

Quartzite Senes with ... 

250 


' Sagenite or Anodontophora Beds • Brown limestones 
with. Anodontophora gnesbachi ... 

160 

o 

1 

i Earth}’ limestones with Spirifcrina grieshachi passing 
! down into calcareous shales 

! 320 

Lower' Halontes Beds ' Massive grey limestones with numerous 
! cephalopods, especialh’ Halontes procvo)i and other 

1 species 

1 

1 

j 200 


; Xodular and slaty limestone with Proclvdouautilia 
! gnesbachi 

100 

Carnic 

i Halobia Beds ' Black tlaggv limestones, shales, massive 
j earthy grev limestones and dolomites passing up into 

1 micaceous shales , with Halobia cf coinata 

1 

j 800 

j Traumatocrinus Beds : Black flaggy limestones with 
! shale partings, w'lth Traumatocrinus and Daonella 
j indica 

1 

1 

1 '0 

Ladinic 

1 Passage Beds (shalshal). Thin bedded concretionary 

1 l^imestonew’ith Daonella indica, Spingeia huntca 

20 


1 Upper ^Miischelkalk Limestone W’lth Ptychites } ugifcy ... 

20 

Jluschclkalk 

Spinfcrina stiachevi beds with Kevscrlingites dieneri 

3 

j Xiti Limestone—Hard nodular limestone 

60 


j Shaly limestone with Rhynchonella gnesbachi and 

1 Sihirites prahlada 

3 


1 Hedenstroemia Beds : Thin bedded grey limestone 
with shale partings, with Fleniingites rohilla and 
PseudomoHotis himaica n^3T the toy) 

25 


Grey limestone—no determinable fossils ... . . | 

5 

Lower Trias 

Meekoceras Bed—^Dark concretionary limestone with ^ 
]Meekoccras varaha and M. markhami . . .•• j 

1 

1 

Dark blue shales—Unfossiliferous ... . . • • ! 

18 


Dark limestone wdth Otoccras ik-'ornlwaydi and Ophicera'^ | 
tibeticum ... ... ... ... | 

1 


Dark hard clay with concretions containing Episage- | 
ceras dalailamae 3.nd Ptycheites scheibleri ... 

u 

! 

Dark blue limestone with Otoceras woodwardi and 
Ophicevas sakuntala 

1 


rermian 


Productiis Shales 
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The beds above them are the Traiondtocrinus beds —well-bedded 
limestones containing abundant crinoid stems, cephalopods, etc., which 
indicate the Julie horizon of the Carnic stage. The fossd fauna includes : 

Bivalves ... ... Daonella indica. 

Brachiopods ... ... Spingera hmiica, Relzia aff. ludnia, Aulacothyris 

nilangensis, Rhynchonella yjmkinens^^. 

Cephalopods ... ... Proclydonautilus cf. biiddhaicus, Joa>nu!e‘: cymhi- 

formis, J. hossmati, Grypoceras rinikiiiensis, Lnbites 
delphiiiocephalus, Anatomites sp , Canutes cf. 
floridus, Rimkinites nitiensis, Arpadites nmkinensts, 
Dittmantes cf. circumscissus, Trachyceras austriacuni, 
SireiiHes cookei. 

Overlying the crinoidal beds are a thick series of dark carbonaceous shales 
and shaly limestones which constitute the Halobia beds. They are 650 feet 
to 800 feet thick and contain fossils throughout and especially in the lower 
part : 

Brachiopods ... ... Spirifenna shalslialeiisis. Ret an schwageri, Rhyn- 

chonella laucana. 

Lamt-lhbranchs ... .. Halobia cl. comata, Avicula gitthianu. 

Cephalopods ... ... Joviles alt. dad, .Analomifes bambanagcHSis, Juvavites 

cf. to/ikiin’tis/s, Plarites polydactylus, Mnjsvarites 
citgyrus, Discophyllites ehnen ; also Sagemtes, 
Tibet lies, Monophyllites, Ptoarcesles, etc , which 
could not be determined specifically because 
of the poor state of preservation. 

The lowest beds of the Xoric stage are nodidar and shaly limestones, 100 feet 
thick, containing ProcIydoHiiiitiliis grieshiichi, Pinacoceras aff. imperator, 
Metiicarnifes sp., Arcestes, Satellites, Juvavites, etc. 

The Halobia Beds are succeeded by the Halorites Beds, consisting of 
dark shales with limestone bands. The fossiliferous Halorites zone, about 
20 to 30 feet above the base, is a rich cephalopod horizon containing 
numerous fossils of which mention may be made of— 

Halorites procyon, H. sapphonis, Parajuvaeites blanfordx, Tibetites ryalU^ 
Vuraiibefites bertrandi, Helictites atulanfa, Stemmannites desiderii, Clioiiifes looodwardi, 
Sireuilcs richteri^ Sandlingiles nicolai, Pinacoceras nuttermchi, P. parnia, Painbanagites 
dit'ncri, Pldcifes sakuntahi ; also a few brachiopods and lamellibranchs including 
Plivnchioiclla banihanagensis, Anndontaphora griesbachi, Lima serraticosta and Halobia 
cf. comata. 

The Halorites Beds pass upwards into earthy compact limestones, 
often dolomitic or micaceous, having a thickness of over 300 feet. They 
contain abundant Spiriferina griesbachi, and also Spirigera dieneri, Aulaco¬ 
thyris joharensis and Retzia schwageri, and the bivalves Lima cumaunica 
and Pecten interruptus. Above them are the beds containing Anodon- 
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PLATE X^T 


TRIASSIC FOSSILS III 



Explanation of Plate XVI 

52. Pseudomonolis griesbachi (1/3). 53- Bellerophon veckei (2/3). 54. Daonella 

lommeh (J/3). 55. Daonella indica (1/4). 56. Lima serralicosta (1/3). 57. Megalo- 

don ladakhensis (1/8). 58. Halobia comata (1/3]. 59. Anodontophora griesbachi 

(1/3). 60. Myophoria cf. ovatae (1/4). 61. Rhynchonella trinodosi (2/3). 62. A/yo- 

middlemissi (I/3). 63. Spiriferina stracheyi (1/2). 64. Rhynchonella griesbachi 

p/3). 65. Retzia himaica (2/3). 66. Spirigera himica (2/3). 67. Rhxnchonella rim- 

kinensis (2/3). 68. Dielasma juUcum (1/2). 
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tophora ^rieshachi in which a specimen of Sagenifes was discovered. They 
are liver-coloured or brown limestones having a thickne.ss of about 150 feet. 
They are overlain by the Quartzite Series similar in constitution to that 
of Spiti and containing Spirigera maniensis and .S', dieneri. The topmost 
beds are, as in Spiti, the Megalodon Limestones which here have a thickness 
of 1,800 to 2,000 feet of which perhaps 500 to 600 feet may be of Upper 
Triassic (Upper Noric) age and the rest Lower Jurassic. 


Table 42—Trias of Byans 


Noric 


Carnic 


? Ladmic 


Muschelkalk 


Lower Trias 


Permian 


jMegalodon Limestone (in part) 


FEET 

MOO 


Grey limestones with shales at the top, containing 
undeterminable ammonites ) 

- 1,000 

Black shales with Arcesfes \ 


Tropites limestone very rich in fossils j 3 


Light grey limestones, unfossihferous j 170 

Do. Cephalopod bed with Cerafi- 

tcs thuiUcri, Biiddhaitcs 
rama, etc. 10 

To. Bratliiopod bed with Spiri- 

feriiia s>raclteyi and Rhvn-' 
chonclla sriesbachi i 10 

Do mainly unfossiliferous 70 


(Sibirites spiniger zone near 
Chocolate limestone J top 
with some shales | .t/cfioccras and O/ocei'a^ fauna 
_ __(.^ near bottom 

Prodiictus Shales ( 


BY.ANS 

The Triassic succession in Byans in north-eastern Kumaon, close to 
the Nepal border, is less well developed than in the western areas and the 
facies is also generally different, limestones predominating to a very large 
extent. 


The tollowiiic; fo^slls are from the Salt Ran!;e 

69 S7( iuperhu-i (1/12) 70. Acjnochoydicerns romnatum fl/4). 71. 

CerahAw i!0rw<7/is {I 4) 72 Ccitilcs armiUus [tjA). Ti. Dinariles coronatus (1/2). 

74 Stbirtla, chidrufii.'.is (1/3). 75 GoHiodnciis typiis [111) 76 Plemtngilcs radiatus 

(1/6). 77. Flemingite^ ftcmnigianus (1/12). 78. Ptoplychiles lawrcncianus (1/6). 

79. Ambites discus {\ j A). 80. Clypites kingianus {\'A). 81. Aspidiies sitperhus 

82. Kingites tens (1/4) 83. Koninchites votutus (1/3). 84 tMeekoceras varians 

(1/6). 85. Pnonolobus lotundufus (1/4). 86. Gyronites frequens {1/3). 87. Lecanites 

gangchcHS (1/3). 
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The Lower 'J'rias of Hyans is composcil of chocolate coloured limestone 
with shales in the lower part. The basal portion contains Otoccnis and 
Meekoccras fauna, while the Hedcnxtroonici bed of Spiti is hero represented 
by the Sihirites spiniger zone. The Miischelkalk is a light grey limestone 
without any shales, contrasting strongh’ v\’ith the shaly facies elsewhere. 
It contains a brachiopod bed 70 feet above the base and a cephalopod bed a 
little above it. The latter contains, besides some familiar cephalopods 
such as Ceratites thuillen, Buddhaites rama, Gymnites jnllyanus and Ptychites 
sahadeva, also species not known elsewhere, e.g., Gmithoccras drummondi, 
Bukowskites colvini, Pinacoceras loomisii a.nA Pliilippites jolinkanus. The 
Ladinic is apparently absent. At the top of the limestone, a 3-foot zone 
constitutes the Tropites zone which is e.xtraordinarily rich in fossils re¬ 
presenting a mingling of Carnic and Noric types. This mi.xture is apparently 



Fig. 9— Section N. W. of Kal.^pani. Byans 
(After A. von Krafft. As in Diener, Mem. 36, Pt. 3) 

I. White quartzite. 2. Productus shales. 3. Chocolate limestone (L. Trias). 
4. Grey limestone (Muschelkalk, Ladinic and Carnic stages). 5. Tropites limestone. 
6. Black shales with Arcestes. 7. Grey limestone. 8. Shales with ammonites. 
9. Megalodon limestone. 

due to the faunal remains accumulating more rapidly than the sediments 
at the sea bottom. The Noric is, however, well represented by a series 
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of thick shales and limestones overlaid by limestones of the Dachsteinkalk 
type (i.c’., Megalodon Limestone). The shaly beds and associated limestones 
are about 1,000 feet thick and fossils found in them are all crushed and 
undeterminable, even generically. The Megalodon Limestone is 1,500 
feet thick, and as usual includes the Lower Jurassic. 

Some 150 species of cephalopods have been identified from the Tropites 
Limestone besides which there are several which are not specifically deter¬ 
minable. Two-thirds of the species are peculiar to this region while the 
rest are identical with species of the Hallstatt marble of the .41ps. The 
fauna of the Tropites Limestone includes the following :— 

Laraellibranchs ... ... Halobta ci. comala, H. cf. fascigera, Avicula aS. caudafa. 

Cephalopods ... ... Atfaclites cf. ellipticus, Ort}xocera% cf. triadiciim, 

Proclydonauiilus gnesbachiformts, Pinacoceru^ parma, 
P. mellernichi, Placites polydactylus var. oldhami 
{Placites being numerically the most abundant 
fossil), Bambanagites kraffti, Carnites cf. floridus, 
McgaphyUifes jarbas, Dtscophyllifes ebnen, Arcestes 
diccra!,, Proarcesles cf. gayiani, Lohite% cf. elliplicus, 
Ht’hcliles cf. geniculatus, Thfxbitcs meteagri, 

' JiilDiektlfS harnardi, Arpadites fassiln, Dittmarites 
rawhusoni, Drepamlcs sr.hucherti, Tibetites cf. 
ryalli, Purahbeltles adotphi, Himavatites malsoni, 
CboHites gracths, Sandhngites cf. oriba^iis, Sirenites 
cf. argonautae. S. vredenbiirgi, Distichifes sollasii, 

D. eclolcitiformis, Ectolcites hollandt, IscuHte% smithii, 
Haloriles aff. procyon, Jovitei speclabxlis, Anafo- 
mites speciosHS, Didymites tectiis, Discotropifes 
hraffli, Margariles aciitus, Tropites siihhullafus, 

T. cl. fiisobidlalus, Analropites nilialensis, etc. 

NORTHERN KUMAON 

The Triassic is well developed in northern Kumaon near the border 
of Tibet in Evans and further north-west, where it is seen as an almost 
continuous band for long distances. Heim and Gansser have suggested 
four major divisions as follows :— 

4. Kioto Limestone 
3. Kuti Shales 
2. Kalapani Limestone 
1 . Chocolate Series 

The Chocolate Series which is 30 to 50 metres thick, consists of 
clay-ironstone layers intercalated with shales, passing into a 3-metre band 
of dark shale. It is generally covered by debris, and when exposed, is 
seen to be made up of nodular ferruginous limestone containing imperfectly 
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preserved ammonites of the Ophiceras horizon [Ophiceras demissum, 
Meekoceras hodgsuni, Psendosagt'cems sp., I'ishnitites cf. pralamhha). The 
age of the Chocolate Series is Scj’thian, There is generally a sharp dis¬ 
continuity above this, but no disconformity. 

Kalapani Limestone.—-Above the Chocolate Series comes the Kalapani 
Limestone which includes the Anisic, Ladinic and Carnic stages of the 
Alpine divisions. The thickness varies from 20 to 60 metres. The lower 
part of the limestone is characterised by rusty to orange-coloured patches 
which strongly recalls the facies of Schiltkalk of the Swiss Alps. The 
upper part is a dark, well-bedded limestone with brachiopodes, corals and 
crinoid fragments. The top of this limestone, which is a grey sandy lime¬ 
stone, 2 metres thick, is full of thick involute as well as thin sharp-edged 
ammonites. The Kalapani Limestone is a constant member in the whole 
of the Triassic development of N. \V. Nepal, Kumaon and Spiti regions. 
It often contains thin layers of broken up shells (lumachelle) in the lower 
part which is Anisic, but none of the shells can be e\'en generically determin¬ 
ed. The middle part of this series at Kalapani shows a hematitic layer rich 
in ammonites of which Ptychites, Gymnites and Japonites are important 
Anisic (Muschelkalk) genera. The upper part represents the Ladinic, 
Carnic and Noric Stages, and Diener found that faunas of the Carnic and 
Noric Stages were mi.xed in a thin horizon called the Tropites Limestone, 
seen near Kalapani, Teragad, Nihal and Kuti. From this limestone 155 
species of ammonites ha\'e been described, most of which are of Carnic 
age and some of Noric. No less than 49 species are identical with, or 
very closely allied to, the species of the Noric Hallstatt limestone or the 
Halorites beds of the Alps (see under Byans). The Tropites horizon 
strongly recalls the similar, thin, but exceedingly rich, ammonite bed of 
Timor island in Indonesia, which is a pink limestone bardT' 2 metres thick, 
composed mostlj’ of well preserved fossils. This horizon in Timor was 
found in 1904 by Hirschi and the fossils were described by J. Wanner and 
O. A. Weller. In both cases the stratigraphic condensation is exceedingly 
interesting, and it would appear that deposition consisted mainly of the 
dead animals which fell to the bottom with only a little other material 
which formed the scantv matrix around the fossils. At Tinkar Lipu in 
Nepal also, the sandy limestone horizon forming the top of the typical 
blue dense Kalapani Limestone j iclded a very rich ammonite fauna con¬ 
taining Halorites, AnatomUes, Thisbites, Sirenites, Gymnites, Arcestes, 
Pinacoceras, and manv other genera and also Halohia. These indicate 
the Carnic and Noric horizons. 

Kuti Shale.—The Kuti Shales which have a sharp boundary with 
the Kalapani Limestones, are micaceous shales with calcareous flags, 100 
to 500 metres thick. In the Jayanti Pass area, the upper part is charac- 
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terised by well bedded grey limestone, the whole series being more than 
500 metres thick. There is generally a passage zone containing quartzite 
and oolite layers between this series and the succeeding Kioto Limestone, 
as for example near Kuti and Chidamu. Fossils are generally rare in the 
Kuti Shales but an excellent collection has been obtained on Tinkar Lipu 
from the black shales and the intercalated calcareous flags. These included 
Halorites cf. prncyon, Thetidtles huxlevi, Placiks sakiintala, Cliunites wood- 
"wardi, juvavites, Anatomifes, Parajuvavites, Proarcesfes, Discophylhtes 
and also Orthoccras, and several gastropods, lamellibranchs and brachio- 
pods. Monotis suUnaria is also found in the shales overlying the flags. 
The whole group of fossils is of Xoric age. This facies is also of deep sea 
character. 

Kioto Limestone. —After the passage zone comes the Kioto Limestone 
which is also well developed in the belt e.xtending from north-west Nepal to 
Garhwal. It is a dark blue, well bedded, limestone with oolites in the lower 
part. Ripple marks are seen in the uppermost layers. Fossils are rather 
rare except for some bivalves. The thickness in Kuti is about 200 metres 
but it increases to 600 metres in the Garhwal and to 800 metres in Spiti, 
A horizon about 150 metres below the top of these limestones is of importance 
as it contains layers of lumachelle and impure bands one of which is a 
light grey limestone 10 metres in thickness containing numerous irregularly 
lying spindles (which are 5 to 40 cm. long and I to 2 cm. thick). This has 
been called the Horizon Prnblematica by Heim and Gansser and little is 
known about the mode of formation of the spindles. Above this comes 
a zone of iron pisolites which definitely marks a discontinuity and W'hich 
was overlooked by Griesbach. The Kioto Limestone is of upper Triassic 
and Rhaetic age (Dachsteinkalk). Heim and Gansser emphasize the 
fact that there is no gradual passage from the Upper Trias reaching into 
the Lias and Middle Juras, for the pisolite zone indicates a break about the 
end of the upper Triassic. The uppermost beds may be Lower Liassic. 

JOHAR—HUNDES 

Kiogad facies. —In the Kiogad and Amlang-La regions there are 
rocks of two facies which are different from the Tethys Himalayan facies. 
They have been called the Kiogad facies and Chitichun facies by Heim 
and Gansser. In the Kiogad facies the Lower Trias is represented by 
earthy limestones containing Meekoceras joharense, Xenodiscus nivalis 
and Hedenstroemia byansica, resembling the Tethyan Himalayan facies 
to some extent. The Upper Trias is represented by the Kiogad Limestone 
which is very similar to the Dachsteinkalk of the Alps. It is 200 to 300 
metres thick and is associated with basic Igneous rocks. It is a white, 
dense, very fine grained crystalline marble but contains no fossils. This 
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IS fullov\ed by red and \-iolet marls, limestones and interbedded oolitic 
limestones with flasher structure. The oolitic limestone layers contain 
well preser\’ed shells of Calpionella al}>i)ia and C. elliptica, which are of 
Portlandian age. These marls and limestones are succeeded by grey 
siliceous radiolarian limestone of Cretaceous age. 

Chitichun facies.—The e.xotic or Chitichun facies, which is charac¬ 
teristic of the exotic blocks, is different from both the Tethyan and Kiogad 
facies. The Permian red limestones are overlain by red limestone con¬ 
taining Middle Triassic Ceratites and Upper Triassic (Carnic) ammonites. 
The limestones are of a deep sea facies and are extraordinarily like the 
red and white Hallstatt marble of the Alps both m lithology and fossil 
content. The Middle Trias was noticed near Chitichun I, containing 
Ceratites [Daniibitcs) kansa, Sihintes pandva, Monophvlhtcs cnnfucu, 
Xenaspis middlemissi, etc., which can be correlated faunisticallv with the 
Spiriferina stracheyi beds of the Musclielkalk. The Carnic stage is re¬ 
presented by the red marble blocks in Balchdhura and Malla Johar con¬ 
taining Cladiscites crassestriatus, Arccstes cf. richthofeni, Proarcestes gavtani, 
Pinacoceras aff. rex, Tropites cf. subhullatus, Juvavites kraffti, Tihetites 
hhotensis, etc., which show greater affinities to the Julie and Tuvalic stages 
of the .\lpine Hallstatt marble than to the corresponding stages of Spiti. 
Arccstes and Cladiscites which occur in great numbers in these blocks are 
characteristic of the Hallstatt marble and rare in Spiti. The Upper Noric 
is represented by white or grey dolomitic limestone different in appearance 
from the Megalodon Limestone, and containing no fossils. The overlying 
Liassic has also a striking resemblance to the Alpine facies. 


HAZARA 

The Infra-Trias of Hazara (of Permo-Carboniferous age) are immediately 
overlain by 100 feet of lavas of rhyolitic and felsitic character which are 
the equivalents of the Panjal Traps. The Triassics include thick, massive, 
grey limestones, up to 1,200 feet thick, containing fossils of Upper Triassic 
age. It would appear that the Lower and Middle Trias are absent, being 
represented paitl\- by the volcanics. One of the best sections of the 
Mesozoic rocks in Hazara is seen in Mount Sirban south of .\ttock. 

K.VSHMIR 

The Himalayan Triassic belt e.xtends into Kashmir and occurs in the 
Sind and Lidar valleys, \\'ardwan. Gurais and Central Ladakh and also 
in north-west Kashmir anel Pir Panjal. In the Pir Panjal the Trias occurs 
as a long thin band extending from Kishtwar on the east to Tosh iMaidan 
beyond the Jheliim \-allev on the west. In north-western Kashmir only the 
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Upper Trias is seen. Good sections are observeii in the \'ihi district near 
Khiinmu, Khrew and in the Guryal ravine. The Kashmir Triassic beds 
are easily accessible from the Kashmir valley, in contrast with the other 
Himalayan occurrences. 

Table 43—Trias of Kashmir 


Grey to dark, massive limestone with occasional fossils. 
Upper i mostly fragmentary. 

{se\eral thousand ft ) Zone of Spinferiiia stracheyi and S. cf. hamri. 

Lamellibranch beds. 


Ptychites horizon ' sandy shales with calcareous layers. 
Ceratite beds ,, ,, ,, 

' Rhynchohella trionodosi beds ,, 

Middle ' Gymnites and Ceratite beds—Red and grey slabby 

(over 900 ft.) i limestone. 

‘ Lower nodular limestones and shales 
j Interbedded thin limestones, shales and sandy hme- 
' stones. 


i Hungantes shales (position uncertain). 

Lower Meekoceras beds—limestones and shales, 

(over 300 ft) Ophiceras limestone. 


LOWER TRIAS 

The Lower Trias is well represented in the Sind and Lidar valleys. 
Good sections have been studied near Pastanna and other places but the 
lowest beds are much concealed by scree and vegetation. The horizons 
known in Spiti have been found here, e.xcept the basal Otoceras zone. 
The Ophiceras zone contains : 

Ophiceras sakuntala, O. ptychodes, Xenodtsctis himalayanas, X. cf. ophioneus, 
Vishnuites pralambha ; Pseudomonotis griesbachi, P. patnkhandana, etc. 

A slightly younger fauna, of the Hedenstroemia zone, is found in the 
Guryal ravine. It shows : 

Flemingites sp., Meekoceras aff. joUnkeiise, Priomtes guryulensis, Sibirites 
kashmiricus, Kashmirites hlaschkei, Siephanites sitperbo, Hungantes sp. 

The Lower Trias has a thickness of over 300 feet and systematic 
excavations may reveal more fossiliferous zones. 

MIDDLE TRIAS 

Above the Hungarites zone there occurs a succession of thin bedded 
limestones with intercalated shale and sandstone layers. The lower 200 feet 
consist of dark grey limestones with only occasional lamellibranchs. They 
are overlain by alternating beds of thin limestones and shales and these 
again bj' 100 feet of grey, thin bedded sandy limestone containing a lamel- 
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libranch bed near its base. Above this is a bed 200 feet thick, of pale 
nodular sandy limestone with hard shale partings, containing cephalopod 
horizons 20 feet and 80 feet respectively below the top. .\t the top of the 
last mentioned beds is a conspicuous horizon of red and grey shabby 
limestones rich in Gvmiiites and other fossils (Gymnites and Ceratites Beds). 
These have yielded : 

Ccraiites ihuillcri, Hollandites voiti, //. ravana, Beyrichitcs khanikofi, Sihiritcs 

t:>yahlada, Gymyntes joUvaniis, G sankara, Acrochordiceras balarama, Buddhaifcs 
rama, Grvpoceras vihiayium, and some lamellibranchs. 

Twenty feet above the main Gymnites horizon is another fossiliferous 
bed of the same character, the intervening beds being black shales. They 
are followed by 400 to 600 feet of alternating limestones and shales. In 
the Khrew section, the Ptvehites horizon occurs about 530 feet above the 
Gymnites beds and contains the following : 

Ceratites trinodosns, Bnddhaites rama, Plychites sahadeva, Piychites sp, 

Mojsi aroceras kagae, Crypoceras vihiannm ; Myopherta, Lima, Pecten, etc. 

These belong to the Upper Wuschelkalk. 

UPPER TRIAS 

The /•’(yc/uVes-bearing beds pass gradually upwards into massive 
limestones. The lamellibranch bed and the zone of Spiriferina grieshachi 
occur in the lowest parts of the Upper Trias and belong to the Carnic stage. 
The lamellibranch bed contains only one brachiopod, Dielasma jitUcnm, 
but is rich in lamellibranchs, including :— 

Mviiphuria niiddlciinsu, M. cl. keferstenn, Hoeniesia hkavani, Chtamvs middle- 
mtssii, Pseudomonotis sp., Lima cf suhpnnrtata. 

The Spiriferina stracheyi bed contains, besides that fossil, Spiriferina 
aff. lilangensis. Mentzelia nientzclii, Rhynchonella trinodosi, etc. 

The Upper Trias is well developed in the mountains of ^’ihi and 
Anantnag districts and in other places and forms conspicuous scarps. 

It lacks the Daonella and Halobia Beds which are developed in Spiti. 
But further search may reveal the equivalents of these. The upper portion 
resembles the iMegalodon (or Kioto) Limestone but has not yielded any 
Megalodmi in the 3 ihi district. Llsewhere in Kashmir it is known to 
contain some corals, crinoidal stems and bivalves. 


SIKKIM 

Tso Lhamo Series. —In the Lachi ridge, the calcareous sandstones 
containing Upper Permian fossils are overlain by several hundred feet of 
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quartzites and shales which may be of Triassic age. East of the Lachi 
hill there are dark limestones and shales containing a rich brachiopod and 
ammonite fauna ot Triassic age. They overlie 300 feet of gritty flags con¬ 
taining plant remains. Similar flags associated v. ith limestones and shales 
occur X.N.E. of Paunhari peak (23,180 feet) which appear to be of Triassic 
age. They overlie shattered blue-grey limestones which may be the 
C(]uivalcnts of the Everest Limestone (Rec. 69, p. 152, 1935). 

RE\TEW OF THE WESTERN HIM.\L.\YAN TRIAS 

The Triassic rocks of the different areas in the western Himalayas 
maj' conveniently be re\'iewed at this stage. 

The Lower Triassic is well represented in Kashmir, Spiti, Painkhanda 
and Byans. It is only 40 feet thick in Spiti and slightly more in Painkhanda. 
Though it attains a thickness of over 300 feet in Kashmir, it does not seem 
to be richer in fossils, but this is partly because it has not been investigated 
in detail. It is also quite thick in Byans (150 feet) and contains a new 
element in the fauna, viz., Sibinies. 

The Muschelkalk of Spiti falls into three divisions. The lower portion 
is a nodular limestone with a brachiopod horizon [Rhynchonella griesbachi) 
at the base ; the middle one contains a fauna with Spiriferina stracheyi 
and Keyserlingites (Durgailes) dieneri. The Upper Muschelkalk is extra¬ 
ordinarily rich in fossils and characterised by Ptychites rugifer. The same' 
characters are more or less recognised in Kashmir where the strata thicken 
to 900 feet. In Painkhanda the Muschelkalk is only a little over 100 feet 
thick, though the different zones are recognizable. In Byans it is a pure 
limestone facies but faunistically closely related to Spiti. 

There is a great variation in the Ladinic stage of the different areas. 

It is 300 feet thick in Spiti, dwindles down to about 20 feet in Painkhanda 
and is apparently absent or represented by unfossiliferous limestone in 
Byans. Its equivalents in Kashmir should be looked for in the strata 
above the Ptychites beds. This marked difference continues also into the 
Carnic stage. The Carnic is 1,600 feet thick in Spiti, consisting of a lower 
Joantiites horizon and an upper Tropiies horizon. It attains only half 
that thickness in Painkhanda and much less in Byans where the Tropites 
horizon is extremely rich in fossils, but contains also some Noric elements. 
The lamellibranch beds and Spiriferina stracheyi beds of Kashmir represent 
the Carnic stage. 

The Noric stage is dominantly calcareous in all the areas except Byans. 
where it is shaly and generally contains crushed fossils. In Kashmir 
the Noric seems to be practically unfossiliferous. The Upper Noric as 
well as Rhaetic is the Megalodon Limestone (Kioto Limestone) which. 
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attains large thicknesses in all areas. It is thickest in Kashmir (several 
thousand feet) and gradually becomes thinner south-eastwards, being 
2,500 feet in Spiti, 2,000 feet in Painkhanda and 1,500 feet in Byans. 

The correlation of the Triassic formations of these areas is given in. 
Table 44. 


S.\LT K.WGE 

Triassic rocks, known as Ccratiie beds, are well developed m the Salt 
Range on cither side of the Indus. In the Cis-Indus portion, only the 
Lower Trias and the lower part of the Middle Trias are obser\'ed westward 
from Kathwai near Kundghat, their total thickness being 150 to 200 feet. 
In the Trans-Indus region the Upper Trias is also seen, the thickness of 
the w hole system being around 400 to 500 feet. 

It has already been mentioned that the Chidru stage of the Upper 
Productus beds becomes arenaceous at the top. slight but distinct 
unconformity intervenes betsveen the Permian and Trias ; a conglomerate 
marking the break in deposition is found near Siram-ki-dhok, and a marked 
change occurs in the fauna with the earliest Triassic rocks. Table 45 shows- 
the Triassic succession found in the Salt Range. 

The basal bed of the Trias is the Lon'er Ceralite Limestone which is a 
hard thin-bedded light grey limestone containing numerous Gyronites 
frequens, and which is the equivalent of the Ophiceras beds of Spiti. The 
Otoceras horizon is probably represented by the unfossiliferous sands 
and clays which lie between this limestone and the Chidru beds of Upper 
Productus Limestone. The Lower Ceratite Limestone is overlain by- 
thick greyish green marly beds with limestone bands, called the Ceratite 
Marls, containing abundant fossils. The marls constitute a very conspi¬ 
cuous and easily visible horizon because of their colour, and weather into 
rounded outcrops. The Ceratite Sandstones which succeed them are divided 
into an upper and a lower sandstone separated by a calcareous horizon 
rich in Stachella, a genus closely allied to Bellerophon. The Upper Ceratite 
Sandstone is characterised by the presence of Flemingites flemingianu^„ 
which can be correlated with the Flemingites rohilla zone of Painkhanda. 
Above the Ceratite Sandstone is the Upper Ceratite Limestone composed 
of hard limestones and intercalated grey marls with highly ornamented 
Ceratites of the genera Sibirites, Stephanites, etc. This corresponds to the 
Sibirites spiniger zone of Byans. 

The Ceratite beds are succeeded by the Bivalve beds which range in 
composition from limestone to calcareous sandstone and contain abundant 
bivalves but very few ammonoids. The uppermost member consists of 
yellowish, somewhat brecciated or cavernous dolomites containing some 
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■obscure fossils. The top of these is sometimes marked by a thin limestone 
■with bivalves. 


T.vhee 45. —Trias of the Salt Range 

- Thick- 

Divisinn Salt Range i ness Himalaya 

Feet 


Carnic Crinoidal dolomite 250 ^ Halobia beds 


^Middle Trias Sandy limestones with bivalves 100 Daonella beds and 

' Muschelkalk 


in 

d 


C 


Upper Ccratite limestone uith 20 Sihitites spnuger zone 
Siephanites snperhus and Sihitifcs (Byans) 

chiihiteyisis. 



Upper Ceratite Sandstone 
witli Flewingifes floniu- 
giaynt^i 

j Stacliella bods with S/d- 

1 chella sp. and Fleinin- 
gifes rudiafus. 

( Lower Ceratite Sandstone 
witli Cel/iies fdllax. 


Flemingifcs yohilla zone 


30 Hoflenstroomia beds 


o 


d 

u 

o 


U 


Ceratite ^farls with Prio»olobus ro- 

tundaiusQ.r\dPyoptychtteslaijoren- 20 to 60 Meckoccras beds 
ciamts. 


Lower Ceratite Limestone witli Ophiceras zone 

Gyrnyuti "^ frequent. 10 

Unlossilderous saiuL and clavs. ' Otoceras zone 


' Chidrii Stage 

Permian tapper Frodiictus Limestone 


Productus Shales 


The succession varies in different places as to details : limestones vary 
to dolomite and sometimes there are pisolitic limestones with glauconitic 
matter. Sandstones and limestones may vary to marls. 

Fauna. —As mentioned already, fossils belonging to the Ceratite 
group of Ammonoids characterise the Ceratite beds. Some of the betis, 
and especially the biwalve bed, contain lamellibranchs. The chief 
fossils of the different sub-divisions are shown below : 

Lower Ceratite ... Gyniuites fycqticiis, Pnojhdofdic P. ophiodem, 

Limf'^tone I.ccanife^ p-alogyi itz. Meeki^ceras variaus, Dina}itt\^ 

cuccensis 

Ceratite Claris ... ... Propfvchitc^ lawytucianus. Pyi.inolobus rotiiudatus, 

Dniantts winufits. KoHDicktfcs oi Clvpite'^ 

ixpicus, Kodgites lens. 

Celiites faUax, Caafifec v^rw'ilis, Gvionites I'-'tdJa, 
G. radians. 


Lower Ceratite sandstone 
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Stachella Beds ... ... StacheUa sp, Flcmiugita yadiatm, F. rotida, Celtites 

acutephcatus, A^pidiies knigumus. 

Upper Ceratite Sandstone ... Flennngites flemingianus, F. covipressus, Aspidites 

sitperbus, Celtites aymatus, Cerutiies iL'ynuci. 

Upper Ceratite Limestone ... Stephanites sitperbus, S. corona, Sibinfes chidniensis 

S. kingianits, Dinarites dimoipints, Celtites patella, 
Prioniies iuberculatus, Celtites dimorphits. Aero— 
chordiceras coronatum. 

HAZARA 

The south-eastern parts of Hazara contain Mesozoic rocks. Excellent 
sections of a sequence ranging from the Permo-Carboniferous to Eocene 
are observed in Mount Sirban south of Abbottabad : 


Alurrce Sandstones ... 

Oligocene 

Kuldana beds (passage beds) ... 

Nummuhtic Senes (limestones and shales with 
coal horizons near base, underlain by thin 

latente) ... 

Eocene 

Grey Limestone 

Up. Cretaceous 

Giumal Sandstone 

Cretaceous 

Limestone, orange coloured 

Shales (Spiti Shales) 

Jurassic 

Limestones, grey, massive 

Triassic 

Lavas and Agglomerates 

Panjal Trap 

Infra-Trias Limestone 

Permian 

Boulder-bed 

Up. Carboniferous 


The Infra-Trias Limestones are overlain by about 100 feet thickness 
of rh 3 -olitic and felsitic lavas and these by thick-bedded grey limestones 
which vary in thickness from 500 to 1,200 feet. The latter are similar 
to the Kioto Limestones and contain Upper Triassic fossils very closely- 
related to those of Spiti. 

ATTOCK DISTRICT, PUNJAB 

Between Hazara and the Punjab Salt Range, and along the northern 
border of the Potwar plateau, lie the folded rocks of the Kala Chitta hills, 
the denuded anticlines of which expose a series of strata ranging in ag& 
from Upper Trias to Siwaliks, as shown below : 


Siwalik System ... 

Pliocene 

Murree Series 

... Jliocene 

Xummulitic rocks 

... Eocene 

Giumal Sandstones, etc. ... 

... Albian 

Spiti Shales 

... Argovian—Tithonian 

Kioto Limestone 

... Upper Trias to Lias 

Attock Slates 

• •• Pre-Cambrian to Cambriati 
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The Kioto Limestones of Spiti are represented by similar limestones 
■which are grey or cream-coloured and include a few shaly bands. They 
.are sparsely fossiliferous and range in age from Upper Triassic to Liassic 
as in Spiti. The Upper Triassic fossils found in them between Jhalar 
and Campbellpore include Rhynchonella cf. bamhanagensis, Terehratula 
sp., Velata velata, Lima scrraiicosta, Pecteii sp., etc. 

BALUCHISTAN 

The Upper Trias is represented in the Zhob and Pishin district of 
Baluchistan by a vast thickness, amounting to several thousand feet, of 
:greenish slaty shales with intercalations of thin black limestone. They 
occupy an area 70 miles long (east to west) and some 12 miles broad. They 
are fairly rich in fossils which include abundant d/oRoh's salinaria and a few 
■species of ammonoids of the genera Halorites, Didymites and R/iacophvllites. 

BURMA 

Triassic rocks are found in the Shan States, Amherst district, the 
Arakan Yomas and possibly also in the Manipur hills. 

Northern Shan St.\tes 

Napeng Beds. —Wc find a hiatus in sedimentation between the 
Plateau Limestone and the Napeng beds of Rhaetic age, there being a well 
■marked unconformity between the two. The Napeng beds occur in a 
:series of patches and consist of a variety of sediments—yellow shales, 
•clays, sandy marls, sandstones and limestones—deposited in very shallow 
and irregular basins. They contain a fauna including the following : 

•Corals ... ... Isastraea confracta, 

L.amelhbranchs ... ... Palaeoneilo fibularis, P, nanimensis, Pinyia bhinfoydi, 

Conocardium sitperstes, Grammatodoti Ivcefii, Gervillea 
shaniorum, G ritgosa, Aviciila contorfa, Myophona 
fiapengensis, Phcatnla carinafu, Modiola fnigi, 
Cardita singularis. 

<Gastropods ... ... Titrriiella sp , Promathdda 

The fauna is of Rhaetic age and of peculiar character, being composed 
mainly of lamellibranchs and recalling the fauna of the Wetwin Shales. 

It is quite distinct from the fauna of the Himalayas or of the Salt Range. 

.Amherst District 

Kamawkala Limestone. —In the eastern part of the Amherst 
•district near the Siamese frontier, the Permo-Carboniferous beds are 
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succeeded by the Kamavvkala limestones which are referred to the Triassic, 
probably the Noric age. The fauna includes RliynchoncUa hamhiuiaycnsis^ 
Chlamvs aff. valoitieiisis, Tnichyceras sp., and Cenlrasiraca cottei'i. 

Abakan Yoma and Naga Hills 

The oldest rocks exposed in the Arakan Yomas belong to the Axial 
System the lower part of which is referable to the Triassic. The rocks of 
this system are found in Pronie and Thayetm\-o districts, usually much 
folded and disturbed. They consist of dark shales and sandstones with 
some limestones. The only fossils found in them are Daondla lontmeli 
and specimens of Monntis and Avicula. These seem to indicate a Triassic 
age. 

Further south in Minbu and Pakokku districts, the equivalents of the 
Lower .\xials are the Chin Shales. Black slates, sandstones and ([uartzites 
found in the Manipur State on the Assam-Burma border have also beea 
referred to the Axials and may probably be partly of Triassic age. 

THE FAUNA OF THE TRIASSIC PERIOD 

During the Triassic pieriod all the major groups of animals e.xistecJ 
except birds and mammals. The important class of .Urthropoda, vis.^ 
Tnlobites, had disappeared during the Permian or at any rate in the 
upheaval before the dawn of the Mesozoic era. 

The ammonoids, including the Ceratites, Goniatites and Orthoceras, 
constitute the most numerous and useful fossils of this system. The oldest 
BeUmmtes are also to be found here represented bv' the genus Atractites. 
Rhynchonellidae and Spinferinae have also an extensis'e distribution, and in 
addition some genera and species of mollusca. In the case of the ammonoids 
individual species are highly useful because of the very short range of 
their vertical distribution. The species of brachiopods and molluscs- 
have also proved useful because some of them occur in enormous numbers- 
in certain beds, e.g., Rhynchonella grieshachi, Spiriferina strachyei, Spiri- 
fenna griesbachi, Daonella indica, Daonella cf. lommeli, Halohia cf. comata 
and Monolis salinaria. 

The ammonoids, however, are eminently suited for use as zone fossils 
because of the richness of forms, their easily recognizable differences in 
e.xternal characters, extensiv’e and world-wide distribution in marine beds^ 
and very limited distribution of species in range of time. The Trias of 
the Himalayas and of the Salt Range carry exceptionally rich ammonoid 
faunas. The Ceratites are characteristics of the Trias—the Lower Trias 
with primitive Ceratites, the Middle Trias with typical members and the 
Upper Trias with specialised and ornamented members. 
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The Lower Triassic ammonoids appear simple and monotonous in 
appearance in comparison with the variety seen in the Upper Permian. 
The simple-sutured but robust Lower Triassic types were able to withstand 
and survive the changes that took place at the end of the Permian, whereas 
the specialised Permian types died out. The primitive Ceratites seem to 
have first appeared in Middle to L'pper Permian times represented by such 
forms as Xeiiodiscus carbonari us. Otoceras which characterises the earliest 
Trias in India has a raised ear-like rim around the umbilicus and a ceratitic 
«uture of the type rendered familiar by the common European Muschelkalk 
iossil Ceratites nodosus ; the saddles have a smooth rounded outline while 
the lobes are slightly denticulated. Hendenstroemia and Pseudosageceras 
still retain the ceratitic outline of the suture, but the lobes and saddles 
become numerous, thus foreshadowing the comple.x sutures of the Pina- 
coceratidae of Middle and Upper Trias. Another genus, Episageceras. 
which occurs in the Otoceras beds of the Himalaya and the Stachella beds 
•of Salt Range, is a relic of the Gonialite group, very closely allied to and 
•derived from the Permian Medlicottia. Further up in the Lower Trias 
the beds are characterised by the large and spirally grooved Ceratite of the 
genus Flemingites. 

The Muschelkalk is the age of the typical Ceratites, which begin to 
develop here along two lines ; in one the shell gains strength by corruga¬ 
tions while the sutures remain simple ; in the other the shell remains 
smooth but gains strength by the ramifications of the sutural lines. The 
first group constitutes the typical Ceratites, of which large numbers are 
present both in the Himalaya and Kashmir, being somewhat evolute forms 
with thick ribs and blunt knobs. In Sibirites the sutures remain simple 
but the shells are highly sculptured. The smooth-shelled forms with 
sutures tending to comple.xity are represented by Gymnites and Ptychites, 
the former a compressed form and the latter rather globose. The genus 
Sturia resembles Gymnites but has a spirally grooved shell. 

In the Upper Triassic beds, the Ceratites reach their zenith of develop¬ 
ment, and are represented by a number of beautiful forms in the Himalayan 
strata. The two lines of development continue here, the contrast becoming 
stronger than in the Muschelkalk. The genus Arpadites, some species of 
which are of fairly large dimensions, resembles the typical Ceratites but 
has a deep smooth furrow on the outer margin ; in Ceratites proper the 
periphery is either rounded or raised into a keel. The genus Distichites 
is similar to .-irpadites but has somewhat simpler suture line. In the 
genera Tihetites and Sirenites, the shell is sculptured and involute and 
shows a tendency to become clypeiform in shape. In Tropites the shell 
tends to become globose but the whorls do not completely overlap the 
•umbilical channel. The involution is much more pronounced in Halorites 
.and Juvavites in which the umbilicus is nearly or almost completely obli- 
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terated. Smooth-shelled forms are less prominent than the highly sculptured) 
ones in the Upper Trias, often tending to become globose. The genera, 
Lohites and Didymites combine a subdued sculpturing with only slightly 
serrated sutures which however have a large number of inflections. 
Amongst the smooth clypeiform ammonoids is Placitcs (abundantly 
represented in the Tropiles limestone of Byans) which is distinguished 
by the multiplicitj’ of auxiliary inflections. In Carnites and Pinacoceras 
the inflections are greatly multiplied by the splitting up of the external 
saddle. The well known forms Pinacoceras parma and P. metternichi 
are amongst the ammonoids which e.xhibit the most complicated sutural 
lines. They are accompanied by Bamhanagites which has a sculptured 
shell but has the same plan of suture though less complicated. A true 
member of the .Ammonite group is represented by Discophyllites which is 
a precursor of the Phyltnccratidac which attains prominence in the Jurassic. 

The vast majority of the specialised Ceratites died out at the end of 

the Trias as was the case with the earlier ammonoids at the end of the 

Permian. Only a few ammonoids like the Phylloceratids survived the 
changes at the end of the Trias. 
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CHAPTER XIII 


THE JURASSIC SYSTEM 

GENERAL 

Distribution and Facies. —Rocks belonging to the Jurassic System- 
are developed in the Indian region in the Himalayas of Spiti, Kumaon, 
Nepal, Kashmir, Hazara ; in Baluchistan and Salt Range ; in Cutch 
and Rajasthan ; in the Rajmahal hills ; in the Puri district of Orissa ; 
in the Ellore, Ongole, Madras and Trichinopoh' regions on the eastern 
coast. In Baluchistan and the outer border of the Iranian arc, the rocks 
are mainly calcareous in this as well as in the succeeding Cretaceous System, 
for which reason the region of their development is called the Calcareous 
zone. To the interior (north-west) of this zone as well as in the Himalayan 
area the rocks are dominantly shaly. The Tibetan facies of the Lias, 
which is seen in the exotic blocks of the Kiogarh region, consists of reddish 
earthy limestones which resemble rocks of the corresponding age in the 
Eastern .Alps. 

Unconformity and Marine Transgression. —^The geosynclinal 
region shows a marked interruption of sedimentation commencing from 
the Callovian and lasting until the Oxfordian or later. This Callovian 
unconformity is widespread and recognised in many parts of the world. 
In Spiti and northern Himalayas this interruption ranges up to the O.xfordian 
while in Baluchistan it extends to the Neocomian. In both cases the 
unconformity is marked by a bed of ferruginous laterite. In the coastal 
facies, on the other hand, the Lower Jurassic rocks are absent and the 
deposition begins later, assuming a marine character in the Callovian and 
continuing on beyond the Jurassic times. It is interesting to note that 
the Callovian is marked by a regression in the geosjmclinal area but by 
a transgression along parts of the coasts of the Peninsula. 

SPITI 

Spiti Shales. —The beds succeeding the Triassic Kioto Limestones 
are the Spiti Shales of Portlandian age. The type section is in Spiti but 
they are developed over a considerable length of the Himalayas from 
beyond the Kanchenjunga in the east through Nepal and Kumaon into 
Hazara in the west. They are generally 30 to 40 metres thick consisting 
of micaceous shales with several intercalated layers of sandstones each of 
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the latter being only a few centimetres thick. In other places, e.g., at 
Kuti and north of Laptal, they may attain a thickness of several hundred 
metres. Towards the top, the strata become marly and these pass into 
greenish glauconitic sandstones (Giumal Sandstones) of Cretaceous age. 
Being soft, the shales are generally not well-e.xposed and are often hidden 
by talus and soil. The only indication of their presence is often provided 
by ovoid concretions weathered out of the shales after they have com¬ 
pletely disintegrated. Table 46 shows the Jurassic succession of Spiti. 

Table 46— Jurassic Succession in Spiti 


Spiti Shales 


Sulcacutus 

Beds 


Kioto 

Limestone 


{ Lochambal beds "I Tithonian 

Chidamu beds ^ 

Beiemnites gerardi beds J Portlandian 

-unconformity-- 


Black ferruginous oolite 


unconformity 


Tagling Stage 
Para Stage 


} Divesian 
Callovian 


T Rhaetic-Lias 
/Upper Trias 


The upper part of the Kioto Limestone, which was called the Tagling 
stage by Diener, is considered by Heim and Gansser to be largely Triassic 
and possibly partly Lower Liassic. It contains, according to Diener, an 
important zone fossil Stephanoceras coronation about 350 feet below the top 
of the limestone. At the top of the Kioto Limestone there is a break in 
deposition followed by a thin bed of black ferruginous oolite of Callovian 
age which have been called the Sulcacutus beds from the fact that the most 
characteristic fossil in them is Beiemnites sulcacutus. They also contain 
■ other Callovian fossils like Macrocephalites triangularis, Dolikephalites 
fluxuosus, Reineckeites icaageni, etc. 

The Spiti Shales were originally considered to extend from the Oxfor¬ 
dian to the top of the Jurassic, but the work of Heim and Gansser in Kumaon 
seems to show that it is mainly Portlandian to Tithonian, for there is a 
stratigraphic break again at the top of the ferruginous oolite. They have 
been divided into three stages called respectively Beiemnites gerardi beds, 
Chidamu beds and Lochambal beds. They contain numerous fossils, parti¬ 
cularly ammonites, which are often found enclosed in nodules. These 
ammonites, called Saligrams. are brought down by the Gandak and other 
rivers in Nepal and are considered sacred by Hindus. Some of the fossils 
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PLATE X\TI 

JURASSIC FOSSILS I 



1. Terebratula punjahiensis (1/3) 2. Sphaeroidithyris attockensis (1/3). 3. Hol- 

cothyns subovalis (1/3). Gryphoea ballt (1/3). 5. Grammatodon iddurghurensis (1/3). 

6 Nucidoma blakei (1/3) 7. Trigonia smeei (1/8). 8. T. crassa (1/8). 9. T. 

ciitchensis (1/4). 10. T. ventricosa (1/3). 11. Montlivaltia cornutiformis (1/2). 12. 

M. kachhensis (6). 13. Stylina kachhensis (6). 14. Isastraca parva (4). 15. 

Centrastraea kobyi (2). 16. Phylloceras (Plychophylloceras) ptychoicum (1/6). 
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have a coating of pyrites which gives them a golden colour. The fauna 
of the Spiti Shales has been described in Pal. Indica (Ser. XV, Vol. IV, 
1910-1914), the more important species being given below : 

Cephalopods ... ... Phylloceras plicatius, Lytoceras exoticimi, Hecfico- 

ceras kobelli, Oppelia {Strebliies) kraffti, Aspidoceras 
avellanoides, Spiticeras spiiiensi‘;, S. grotei, Hinia- 
lavites seideh, Acayithodiscus octagonits, Hoplifes 
{Thiirmannia) hoissieyi, Macrocephalifes cf. maya, 
Perisphinctes {Payaboliceras) sahineanits, P. {Vir- 
gatosphinctes) dcnseplicatiis, P. (F.) raja, P. (Aida- 
cosphincfes) spitiensis, P. {A), torqiiatus. 

Lameliibranchs ... ... Aoicida spitiensis, Aiicella spitiensis, Lima ynelan- 

cholica, Nucida spitiensis, Astarfc hermanni, Cos- 
moynya egregia, Homomya tihefica, Goniomya itJiligi, 
Osirea, Pecfen, Leda, etc. 

As already mentioned, these Spiti Shales pass upwards into the Giumal 
'Sandstones of Neocomian age. 

NORTHERN AND NORTH-WESTERN KUMAON 

Laptal Series. —This series is known only in North-west Kumaon 
from Kungri-Bingri to Laptal, but it may extend towards Spiti as the 
strata show uninterrupted deposition from the Kioto limestone upwards. 
Where the Laptal Series is absent, there is always a definite stratigraphical 
break as in the Kuti \’alley. It is 60 to 80 metres thick at Laptal and is 
characterised by several layers of htmachelle (which was called shell lime¬ 
stone by Griesbach) containing small oysters, Trigonia, Pecten, Lima and 
some Belemmtes. Though they do not contain ammonites in this region, 
Liassic ammonites have been found by Stoliezka further to the north¬ 
west where they are seen in several places—(e.g. Shalshal and Bambanag 
hills). The section at Chidamu above the dense blue Kioto Limestone is 
as follows, the beds marked a to / forming the Laptal Series :— 

17. Lytoceras (Hetmlytocerai) rex [\\\y,. 18 Oppeha {Taramelliceras) kachhensis (\IA). 

19. Harpoccras {Sublumdoceras) laircnse (l/IO). 20. Harpoceras (Htldoglochiceras) 

knbelh (1/3). 21. Peltoceras (Peltoceratoides) seynirugosum (1/7). 22. Peltoceras 

alhlt'hi {^P. kackhensc) (1/6). 23. P. ponderositm (Aspidoceras ponderosum U'aag.) (1/8). 

24. Stephanneeras (Macrocephalites) macrocephalus (1/8). 25. Stephanoceras (Mayailes) 

mavu ({jM). 26 Stephanoceras (Epimayaites) polyphemus (IjWZ). 27. Stephanoceras 
(Indocephahtes) diadematum (1/6) 28. Stephanoceras (Kamplokephahtes) dinteritm (1/5). 

29 Stephanoceras grantanum {=Pleurocephalites hahyensis) (1/3). 30. Perisphinctes 
Orion {=Ononoides indicus) (1/3) 31. Perisphinctes (Virgatosphinctes) frequens (1/4). 

32 Perisphinctes (Virgatosphinctes) denseplicatiis (1/4). 33. Perisphinctes (Pachys- 

phiiictes) hathyplocus (1/6). 34. Perisphinctes (Ataxweeras) leiocvmon (1/6). 35. 

Perisphinctes (Katroliceras) hatrolensis (1/8). 36. Perisphinctes (Torqiiatisphinctes) 

torqiuitus (1/8). 37. Perisphinctes (Indosphinctes) calviis (1/8). 
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Spiti shales 


f. Brown bandy limestone and liimachelle with Belemnites and bivalves- 
Caydiitm, Atca, etc. {5 m ) 
e Well-bedded limestone (15 m.) 

d Brown liimachelle limestones with Bclcmnilcs and Tn^nnia (8 m.) 
c. Dark marl limestone (5 m.) 

b Impure dense limestone with shalv' lavers (45 m ) 

a. Yellow and red spotted limestone with lumachellc laverb, Belemnites and 
bivalves (10m) 


Thin bedded limestone with some bivalves, oolite and microbreccia recallin;4 
the Alpine Ur^onian facies (20 m.) 

Bark blue dense Limestone : upper part w'lth a layer of smooth bivalves 
(120 to 150 m.) 

Wherever the Laptal Series is missing, for instance between the Kali 
and Garhwal, the upper beds of the Kioto Limestone .show ripple marks 
indicating an interruption in dejiosition. At the top of the Laptal senes, 
there are layers of shaly ferruginous oolite, 3 to 4 metres thick on the whole 
interbedded with thin bedded limestone. In one of these layers Belemnites 
and Reineckeites were found. These are succeeded by tvpical Spiti Shales. 
The thin shaly ferruginous oolite bed is megascopically mistaken for a 
shale which, on careful examination with a magnifying lens, is seen to 
consist of black ferruginous oolite grains. This zone of oolite appears 
to be widely developed in this region theiugh its true nature has been missed 
by previous observers, ft is really the Sulcacutus bed and has yielded the 
following fossils :— Be/einnopsis calloi-ieiisis, Macrocephnlites cf. triangidarts, 
Dolikephalites flexuosus. Reineckeites leiiageni. R. douvillei, Bonarella cf. 
hicostata. etc., which indicate Callo\-ian and Lower Divesian age (including 
the .Anceps and .4thleta zones). 

The ferruginous oolite referred to above indicates that there are two 
stratigraphical discontinuities, one at its base and one at its top. 1 he 
lower discontinuity is between a part of the Liassic and the Callo\'ian, 
so that the whole of the Upper Liassic and Lower Dogger are missing. 
The upper discontinuity at the top of the ferruginous oolite corresponds 
to the tune interval between the Callovian and Lortlandian, indicating 
the absence of the strata corresponding to the Oxfordian and Kimmeridgian. 
It will thus be seen that the Kioto Limestone does not continue into the 
Middle Jurassic as was thought previously. Heim and Gansser state that 
these oolites correspond closely in nature and age to those found in the 
Swiss Alps. As the beds above and below are perfectly conformable, 
it is to be inferred that there was no uplift and denudation but merely 
a cessation of deposition as indicated above and that the oolite may be 
■considered as a fairly deep sea deposit. 

13 
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In tlie region of the Xiti Pass, about 150 miles east of Lilang, the 
general sequence is the same as in Spiti. The Kioto Limestone is about 
2,000 feet thick ; it consists of 1,300 feet of dolomitic limestone with 
flaggy limestone layers, overlain successively by 500 feet of thin-bedded 
limestone, 120 feet of light grey flaggy limestone, 30 feet of dark oolitic 
limestone and finally 150 feet of grey calcareous sandstone constituting 
the Sulcacutus beds. Overlying this is a conglomerate denoting an un- 
confoimity, followed by the Spiti Shales. 

In the Shalshal cliffs of north-western Kumaon, the Kioto Limestone 
is 2,000 feet thick and consists, at the base, of 500 feet of grey dolomite 
weathering to a brownish tinge and forming inaccessible cliffs ; it is followed 
b}’ 1.000 feet of dark dolomites with thin layers of bluish black crinoidal 
limestone and occasional shales ; then by 150 feet of massive dolomite 
and 350 feet of crinoidal limestones and shales. The Sulcacutus beds 
at the top are only 20 feet thick and contain Belemnites siilcacutus, B. 
tibelicus, and species of Gercillea, Cardinm, etc. At the top of this is a 
zone of ferruginous laterite indicating disconformity and a period of sub¬ 
aerial weathering. The laterite is overlain by Spiti Shales. 

Further south-east, in Byans, near the Nepal border, the Kioto 
Limestone is less massive and only about 1,200 feet thick, composed of 
250 feet of flaggy limestone with shaly bands, succeeded by 700 feet of 
shaly limestone and shales, then by 200 feet of massive grey limestone 
and 30 feet of dark shales and finally by the Sulcacutus beds with a thin 
laterite bed at the top. 


JOHAR—HUNDES 

The Chitichun facies is found in the e.xotic blocks. The Triassic 
rocks are succeeded by Liassic limestones which are thinbedded nodular 
and earthy, containing intercalations of pink, grey, brick-red and black 
limestones and laj'ers of marls and shales. The}' are generally enclosed 
in the volcanic rocks. They contain a fauna including species of Arietites, 
Phyllocares, Rhacophyllites, Schlotheimia, etc. Besides being the only full 
succession of Liassic rocks found so far in the Himalayas they very closel}' 
resemble the Liassic limestone of Adneth (Adnetherkalk) near Salzburg, 
and the Hallstalt marble of Austria, as is also the case with the Tibetan 
facies of the Triassic. 

MOUNT EVEREST REGION AND TIBET 

The Jurassic rocks apparently continue eastwards through Nepal to 
Sikkim and Lhasa in Tibet. North of Mount Everest there are large 
thicknesses of shales and limestones containing Belemnites, crinoids and 
ammonites. They are overlain by Cretaceous and Eocene strata. 



THE JURASSIC SYSTEM 


387 


xiii] 


SUB-HIMALAYA OF GARHW'AL 

As already mentioned, the Jaunsars are overlain by the Krol beds 
which are probably of Permian (? Permo-Trias) age. East of the Ganges 
in Garhwal, the Krols are overlain by fheTal series consisting of shales 
in the lower portion and quartzites and limestones in the upper portion. 
The Tal Series contains fragmentary molluscs and corals and may represent 
partly the Jurassic System or even the Cretaceous. It is overlain by 
Eocene rocks. 


KASHMIR 

We have already seen that the Megalodon Limestone is present in the 
\'ihi district and in Ladakh. The upper portion of this is referable, as in 
Spiti, to the Lias. This limestone is known to be overlain, in parts of 
Ladakh and the Zanskar range, by the Spiti Shales. Fossils are found 
in concretions in the shales but have not been studied in detail. They 
include ammonites [Macrocephalites among them), Belcmniics, lamelh- 
branchs and brachiopods. 

Jurassic rocks arc also found in a small area north of the Banihal Pass 
in the Pir Panjal mountains. It is likely that Jurassic rocks are associated 
with bands of Trias in other parts of this range. 

In the area of the syntaxial bend of north-western Kashmir, there is 
a band of orange coloured strata, some 150 feet thick, which it is thought 
may be Jurassic to Cretaceous in age. 


H.4ZARA 

Hazara is a region of transition from the Himalayan to the Balu¬ 
chistan type of development. Here there are two neighbouring zones 
running K.E.-S.W. and parallel to each other, the north-western one 
containing massive limestones overlain bv the Spiti Shales as in the Himalaya, 
and the south-eastern showing limestones overlain by Neocomian strata 
as in Baluchistan. 

The massive limestone (of the north-western bolt) is dark grey in colour 
and varies in thickness from 500 to 1,200 feet. It contains Megaiodon 
and Diceracardiitm in the lower part and is therefore similar to the Mega¬ 
lodon Limestone of Spiti. The upper portion is presumed to be Lower 
Jurassic in age. It is succeeded by shales of the Spiti Shale type containing 
Gymnodiscoceras acHcinctum, Virgatosphincles frequens, Belcmnites gerardi, 
Inoccramns sp., and Trigonia ventricosa. 
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ATTOCK DISTRICT 

Jurassic rocks are present in the folded strata of the Kala Chitta hills 
of this district. The lower portion is included in the Kioto Limestone and 
the upper in Spiti shales. The latter are however not easily separable from 
the overlying Giumal Series because the lithology is continuous and shows 
very gradual change. The Spiti Shales consist of sandy and carbonaceous 
shales, Belemnite-bearing beds and olive clays. The fossils found in the 
lower limestones are : 

Sphaeroidofhyns aiiockensis, Burmirhvnchia cf. yiamvauensis, Lophrothvris 
eiirypfycha. 

The fossils of the Spiti Shales are : 

Epimayaites polyphcmus, Pelloceratoides sp., Pevisphinctes onentalis, P. cf. 
indogertnanus, Prososphinctes virgutoides, Blanfordicems vealhchi, Spiticeyas, Beleni- 
Hopsis langanensts, Hiboliles budhaicus, H. libelutts, etc. 

These indicate an age similar to that of the Chari beds of Kutch and 
younger, and approximately Bathonian to Oxfordian. The horizons 
above these do not show any fossils except one which has yielded Oxvtro- 
pulocems. indicating an Alhian (Gault) age. 

It may be mentioned here that there is a fairly close resemblance, 
between the Gault horizons of Attock, Hazara and Kohat. 

SALT RANGE 

I he Middle and Upper divisions of the Jurassic System are developed 
in the western portion of the Salt Range in the Trans-Indus region as a 
series of sandstones and limestones, the latter increasing in proportion 
rvestwards. The strata are 100 to 200 feet thick near Amb, 500 feet near 
Kalabagh on the Indus and over 2,000 feet in the Sheik Budin hills and 
Surghar range. The facies is dominantly coastal and generallv resembles, 
that of Kutch in Western India. 

In the Salt Range proper, the lower beds are called the Variegated 
Senes. The lower part of this consists of thick bedded soft sandstones of 
red, yellow and variegated colours alternating with grey and brown bands 
u hich are often ripple-marked. They are succeeded by argillaceous 
yellow limestone, grey gypseous and pyritous clays (alum shales) and soft 
vhite incoherent sandstones. Amidst these beds are bands of haematite 
and thin layers of golden oolite composed of iron-coated oolite grains 
resembling the golden oolite of Kutch {see p. 397). The upper beds of the 
3 ariegated Series are coarse brown sandstones, yellow marls, white caver¬ 
nous sandstones and bands of hard grey limestone. The sandstones become 
locally conglomeratic. 
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The Upper Jurassic beds seen in the Trans-Indus region are not 
developed in the Cis-Indus Salt Range. 

Near Kalabagh, just beyond the Indus, the \'ariegated Series contains 
thin coal scams amidst sandstones. The coal is of poor and variable quality, 
high in ash. 

In the Trans-Indus region the \’ariegated Series consists mainly of 
shales in the lower portion, overlain by thick-bedded dun-coloured limestone 
intercalated with shales and clays. The limestones are succeeded by 
black shales containing Beletnniies with Ncocomian affinities, these beds 
corresponding to the Belemnite beds of Baluchistan. The Jurassic 
succession is underlain by white crinoidal limestone which may be Lower 
Jurassic or Upper Triassic. 


Table 47.— ^Jurassic Succession in Sheik Budin hills 


Neocomian 

1 1 

! Black shale with Belemnites ... ...| 

j ; 

FEET 

60 

Upper Jurassic 

' Limestones and intercalated shales ... ...1 

800 

Middle tf) Lower JurasMC 

Variegated series ' Vanegated sandstones' 

and shales with carbonaceous matter, gypseous [ 
and pyntous shales 

1,000 

to 

1.400 

’ Lower Jurassic ..,| 

Crinoidal Limestone ... ... ... 

200 


Fossils. —The carbonaceous layers of the Variegated Series have 
yielded some plant fossils including Ptilophvllitm aciitifoliiim and Podo- 
ziunitcs sp. which indicate Upper Gondwana affinities. The associated 
limestones contain marine fossils including lamelhbranchs, gastropods, 
tcrebratulids and cchinoids. The ammonites include Indocephalites aff. 
transitoniis, Pleurocephali/es hahyensis, Kamptokcphalitcs cf. miigniimhili- 
ciifiis, etc., which are fossils of the Macrocephalites beds of Kutch. The 
Neocomian strata above contain Holcostephanites and Thurmannites. 

The similarity of stratigraphy of the Kutch and Salt Range regions 
would seem to show that a sea connected the two, probably through 
Jaisalmcr. Both are associated nith Upper Gondwana fossil plants. 

B.\NNU DISTRICT (X.-W. F.P.) 

In the Bannu district, .sandy limestones of Callovian age haye been 
found containing Burmirhvnchia and Daghanirhxnchia. These are 
separated by a thickness of 500 feet of strata from rocks which haye yielded 
Ormthella coulsoni, O. indtca, 0. ovalis, Kingena pmijabica, Daghanirhynchia 
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PLATE XVni 

JURASSIC FOSSILS II 



Explanation of Plate XVI11 


38. Stephanoceras {Macrocephaliles) chanensis (1,3) 39. Pinsplinicti's 

cenii) conp,ener (1/8). 40. Ferisphtndes (Pruceritcb) linuis (1/12). 41. Pcnsphniclrs 

(Reineckeia) aiiceps ( = R. reissi) (1/6). 42. Pcrisphinctes rchmmini ( = lieineckcitei, 

waageni) (1/12). 43. .Vicracanlhoceras micracaulhum (1/3). 44 Phylloceras stngtlc 

(1/2) 45. Lytoceras exoticum (1/3). 46. Aspidocerus avellanoidcs (1/4) 47. 

Oppelia {Streblites) kraffti (1/4). 48. Oppelia acitcinda (1/3). 49. Holcoshphaiin-: 

{Spiticeras) spiliensis (1/4). 50. Holcostcphanus {Spiltccras) cauflcyt (1,6). 51. Ih’l- 

costephaniis (Astrieria) schenki (1/3L 52. Hoplites (Acanlhodiscus) oclag.mus (1/6) 
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coitlsoiii and D. pezuensis. These indicate, according to M. R. Sahni, 
an Oxfordian-Kimmeridgian age. Associated with these are beds containing 
cephalopods which Spath regarded as Xeocomian. Though the thickness 
separating the two beds is only 4 feet, there is no stratigraphic break. 
There is thus an anomaly here of the Kimmeridgian affinity of brachiopods 
and the Xeocomian affinity of cephalopods. 

SAMANA RANGE 

A Jurassic-Eocene succession has been discovered in the Samana 
Range near Fort Lockhart. The lowest beds noted are sandstones and 
shaly limestones with shale hands. From the fact that Rhynchonella 
arcuata is found in the upper part of these beds, they are thought to be of 
Callovian to Bathonian age. They are succeeded by dark grey limestones 
called Samana Siik Limestones which are regarded as L'pper Jurassic. 

BALUCHISTAN 

A calcareous geosynclinal facies is developed in Eastern Baluchistan 
comprising strata ranging in age from Permo-Carboniferous to Jurassic, 
followed by Xeocomian beds. The Liassic beds are 3,000 to 4,000 feet 
thick and include crinoidal and oolitic limestones and calcareous shales 
containing a few fossiliferons horizons which are easily correlated with 
Liassic horizons of the Mediterranean region. The Liassic beds are succeeded 
by massit'e limestones, also of about the same thickness, well exposed 
near Quetta and in the mountains of the Calcareous Zone. The upper¬ 
most beds of the massive limestone constitute the Polyphemus beds so 
named because of their containing the giant ammonite Macrocephalites 
pohphemus. Other fossils of these beds are Macrocephalites mncrocephalus, 
M. grantaiuim, M. inadayascanensis, AJ. lainetlosiis, Perisphinctes (Choffatia) 
haliichistanensis. Choffatia balinensts. Nautilus yigaiiteus, N. intuniescens, 
Terebratida vcntricosa, and Rhynchonella plicatella. These indicate a Cal¬ 
lovian age. 

53 Hophtes (Accnithodiscui) Inwnlaycntns (|/6) 54 Hcplilts (Bhiofordia) iL’tillichi 

(IT) 55 rcusphinctes (Aiilacrap/iiiich ••) ^pilieii^i^: (1/3), 56 Hnplilc^ (Blanfoydm) 

ii'id.lUtinia (1/4) 57. Hiwahiyiles hyphaa^ (1/3) 58. Hinuilayi/e^ seidcli (1/4)- 

59. Pi'n^pJinu'tC'i [Varahobcerits) ^ahitteanns {I-'3) 60. Pi'yisphnuteiWiryutospJonctt’s) 

taui (I 4|. 61 Pi! i^phiiute^ (AuIacfl^phinctcC) infandihiilaiii (1/3) 62. Peri^phiiicles 

P uealo^phinctc^) kiauli (1/4) 63. Pen^phincfe^ {Viygiito'^phinctes) hipltcahis (1/3), 

64 Hophtes {Saiasinejla) rarians (1/4) 65- Hopliles {ScoconiUes) lealken (1/4)- 

66 Blophtes eocoontes) ouheas (|,'3) 67. Betemmies {Beleninopsis) yeranti — a, 

external appearance : b, transverse section ; c, longitudinal section , d, phragmo- 
cone {I/4| 68 Pleiirotnmana spitieiisis (1/3). 69. Homomya tihetica (1/4). 70. 

Area eyerloniaiia (1;3) 71. Xticiila spUteiisis (1/2). 72. Lima roberti (1/4). 

73. Aucella spitiensis superha. 74. Astatte soieerhyana (1/3). 75. Tngonia spitiensis 

(1/3). 76. Inoceramus everesti (1/2). 
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Table 48—Jurassic Succession in Kutch 



Age 

Sub-divisions 

Leading lossils 

VIlMil 

f Aptian 

A'eocomian 
or ? Up 
Tithonian 

"j L. Tithonian 

1 

1 

. Marine Sandstones 

i Umia plant beds (sand- 
! stones and shales). 

j 

1 Ukra beds (unfossilife- 
rous sandstones) 
Tngonia beds 

Ammonite beds (Green 
oolites and sandstones) 

Culiimbiceras u'uagcni, Cheloniceias 
aft. martini, Tropaeum australis, 

1 Pagiophx'llnm, Brachxphx'lliim, Gink- 
goites, WiUiawsonia, Cladophlebi's 
. denticiilata. 

Xo fossils. 

Tngonia ventricaa, T. smcei. 

■ Virgatosphinctes denseplicatus, V. 
oppeli, Pfvchophylloccras tithu- 

nicuni, d^licrocanthoceya^, aft. 

micracanthum, Urn ’aitc-i. 


Portlandian 

Zamia shales 

Hildoglochiceras kobelli, H propin- 
qimm, Dorsoplanitcs mirabihs. 


f I’urtlaiKlian 

Gajnnsar beds 

Ptlemnopi-i^ gcraidi, '^ht'hlitf.s gajiu- 
sannsis, PJiyUocD ui ct plicaliiis, 
Hildoghnhiaras sp]>. 


Bunonian 

Upjier Katrol (barren) 

Xo fossiL 

w 

Havrian 

1 Middle Katrol (red sand- 
1 stones) 

1 

1 A ulacosphuictoides meridionalis, 

1 Virgatosphinctes indosphinctoides 

1 Waagenia kachhensis, Katroliccras 
katrolense, Kattoliceras potiingeii, 

! Pachysphinctes spp. A'^pidoceras 
\ lerense 

Se<jiianian 

Lower Katrol (Sand¬ 
stones, shales, marU) 

Toyquatisphinctes simihs, Aspido’ 
ceras asyninictyicum, Ptychophyl- 
loceras ptyckoicnm. fayamelh’ 
ceras kachhense, Strehlitcs plico- 
discus, ^Vaagenia, spp. 


Up. Argovian 

Kantkotc sandstone 

Epimayaites spp. Prograyicetas, 
grayi, Ataxioceras leiocvmoyi, 

Piplices iL’agurensis, Prososphinc- 
tes virgiiloides, Torqiiatisphinctes 
torquatus 


L. Argovian 
to Up. 
Divesian 

Dhosa oolite (green and 
brown oolites) 

Tatamelliccras jumarensi, Di'icps- 
phinctes alt kyeiit^i, Pertsphitutys 
indogermanus, Muyat/es nuiva, 
Epimayatlei pohphcmus, Para- 
cenoceras kniiuiijitiit'itsc, Pclloccra- 
toides sf)int iiso^HS. 

CHARI 
1,200 tt. 

- A 

Mid. to L. 
Divesian 

Athleta beds (marls and 
gypseous shales) 

Pfltocera^ athleta. P. pondcrosuni, 

P mctamorphuni, Oymnoides indi- 
ewi, (). purpuras. 

Up. Callovian | 

Anceps beds (limestones 
and shales) 

1 

Perisphinctes anceps, 1 ndo'^phinctes 
cah'us, Reiucckcia ravana, Kinkeli- 
niccras, spp Huhertoccras mutans. 


L. Callovian i 

1 

1 

i 

Rehmanni beds (yellow ' 
limestone) 

j 

Reineckeia rehmanni, R. tyranni- 
formis, Sivajiceras kleidos, Idio¬ 
cy cloceras singular e, Kellaieay- 
szfes greppini. 
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Age 

Sub-divisions 

: Leading fossils 

CHARE 

1,200 It. 

r up. Batho- 
nian 

! 

Macrocephalus beds 
(shales with calcareous 
bands, with golden 
oolite—d iadematiis 
zone—m the upper part 

1 Macyocephalifes niacrocephahts 

i M. chtxriensis, Dolichocephalites 

siibcompyessii<, IndocephaUtes dia~ 
demaius, Kinuptokephahtes di- 
yneyiis, Pleuyocephalites habyensis, 

; Beleninitcs. 

V 

•;j ooo'i 
IMVHOXVc 

L. Batho- 
man. 

Patcham coral bed 

\ ^lacYOcephallies iyiangulavis, Sivaji- 
j ceyas congener, Procerites hvans, 

! Thamnastrea, Sfylina, Montli- 

valtia. 

L. Batho- j 

Patcham shell limestone 

Macrocephalites triangularis, Tri- 
gonia pullus, Corhnla lyrata. 


i 

Patcliam basal limestone 

Megaieuthis. 


The Liassic and Middle Jurassic limestones form prominent hill masses 
in the Calcareous Zone of Jhalawan and Sarawan. Amongst the conspicuous 
hills may be mentioned Zaradak, Anjiro and Sumbaji in Jhalawan (Liassic), 
and Chehiltan and Koh-i-Maran in Sarawan (Middle Jurassic). 


COASTAL FACIES 

General. —Peninsular India, which was practically devoid of marine 
sediments since the \’indhyan times, witnessed marine transgressions in 
the coastal regions in the Jurassic, Upper Cretaceous and Miocene times. 
The eastern coast seems to have taken roughly the present outline in the 
Jurassic, when probably the Goiidwana Continent began gradually to 
separate into different units which drifted apart. A sea also invaded the 
area north of Kathiawar during this period. 

The strata formed during these temporary incursions of the sea are 
of clastic nature and of moderate thickness, generally dipping gently 
seaward. Sometimes however they attain a large thickness as in the case 
of the Jurassic rocks of Kutch (about 6,000 feet) which is to be attributed 
to gradual sinking of the basin of sedimentation as the deposition proceeded. 

The Jurassic rocks of Western India occupy large areas in Kathiawar, 
Kutch and Rajasthan all of which seemed to ha\'e formed parts of a large 
sedimentary basin, which extended northw^ards from Kutch as far as the 
Salt Range in the Punjab. The outcrops are now isolated by intervening 
large stretches of desert sands and alluvia. The Salt Range deposits, 
though folded, compressed and much disturbed, are similar to those of 
Kutch and show much less affinity with those of the Himalayan and Balu- 
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(Pal. Ind y.S. IX, II, Part 6) 


Age 

' Stage and 2 one 

j 

i Characteristic ammonites 

1 

) 

Up. Argovian 

1 ' 

1 Upper Dhosa oolite (green TarameUiceras jiimaycnse. 
oolite), 1 

L. Argovian 

} Lower Dhosa oolite (brown, Mayaites maya, Piitoceraioides semi- 
'' oolite), 1 riigosus. 

Up. Divesian 

Lower Dhosa oolite (browr 
1 oolite). 

1 Euaspidoceras sp 

Mid. Divesian 

I Upper Athleta beds (shales 
and yellow marls). 

' Metapelioccras spp., Peltoceras 

ponderosiim, Oyionoides indiciis. 

Mid Divesian 

i Middle Athleta beds (shales 
and vellow marls). 

Peltoceras metamorphum, Orionoides 
purpitriis. 

L Divesian 

Lower Athleta beds (gypse¬ 
ous shales). 

Peltoceras ‘^p , Pcnieckettes sp. 

Up. Callovian 

Upper .Anceps beds (yellow 
limestone). 

1 Lower .Anceps beds (yellow 
limestone). 

Kiukelinicera^ sp. Huber toccras 
muians. 

j Indosphincfes calvus, Sivajiceras 

1 fissum. 

L. Callovian 

j Upper Rehmanni beds (yel¬ 
low limestone). 

; Lower Rehmanni beds (\ el- 
low limestone). 

! Reineckeia tyranniformis, Sivaji- 
i ceras kleidos, Idiocycloceras singu- 
1 lare. 

■ Reineckeia tehmanni, Kellaicaysites 

1 greppini. 

Up. Bathonian 

j Upper Alacrocephalus beds 

I (limestone). 

I 

\ Doheephahfes siibcompressus, Macro- 
cephalites spp. Kamptokephahtes 
ah. magnumbihcatiis. 

Do. 

Middle Alacrocephalus beds 
(Shales with ferrugenous 
nodules). 

Dolicephahtes subcompressus, Notho- 
cephalites semilaevis. 

Do. 

Do. 

Macrocephahtes chariensis, Kamp- 
tokephalifes dimerus, Indosphtnc- 
ies sp. 

Do. 

Do. 

Macrocephahtes chariensis, Alcidia 
sp., Parapetoceras sp. 

Do. 

Do. 

Macrocephahtes chariensi'^, Kamp- 
tokephalites dimerus, Pleurocepha- 
lites habvoi^is. 

Do. 

Lower Macrocephalus beds j 
(White limestones and : 
shales). | 

Macrocephahtes triangularis, M, 
fuadagascariensis, Sivajiceras aff, 
congener. 

L. Bathonian | 

j 

Upper Patcham (coral lime¬ 
stone). ; 

Macrocephahtes triangularis, Siva¬ 
jiceras congener, Procerites hians. 

Do. ! 

Lower Patcham (shelly 

Macrocephahtes triangularis and 


limestone). ! 

other species. 


chistan geosynclinal facies of the same age. Compared to the geosynclinal 
facies, these rocks are of shallower origin and laid down not far from the 
land, as evidenced by the presence of intercalated plant remains. 
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RAJ.4STHAN 


The Jurassic sea of Western India which covered Kutch seems also 
to have spread over a large part of Rajasthan. Outcrops are seen in 
Bikaner and Jaisalmer States but their full extent is hidden from the 
view by desert sands and allu\'ia. The rocks consist of alternations of 
compact, buff, light brown or yellow limestones and grey or brown sand¬ 
stones and grits. Some of the bands are rich in fossils of marine charac¬ 
ter and can be correlated with similar beds of Kutch. Some of the lime¬ 
stones are grey to bluish grey at depth Imt on weathering assume a yellow 
or brown colour. Two t\'pes of these are quarried in Jaisalmer ; one is 
a compact, fine grained orange or yellow brown limestone and the other 
a brown and yellow shell-limestone full of shells. Both of these take good 
polish and are handsome stones for decorative building. 


The succession of these rocks in Jaisalmer is as follows : 


Abur Beds 
Panhar Sandstones 

Badasar Beds ... 
Jaisalmer Limestones 


Limestones and shales 
Feldspathic sandstones ... 

(unfossiliferous) 
Ferruginous sandstones ... 
Fussiliferous sandstones 
and limestones 


Uppermost Jurassic 
? 

Katrol 

Middle and upper Chari 


The lowest beds appear to be the Jaisalmer Limestones with rich fossils 
including Stephanoceras fissmn (—Idiocycloceras singulare),Sindeites sindensis, 
Reineckt'ia aff. reissi. Grossonvria steinmanni, etc., which indicate the 
same age as that of the upper portion of the Chari beds of Kutch. The 
Badasar beds contain Pachvsphincles aff. hathvplocii^ and other fossils 
and may be correlated with part of the Katrol Series. The Parihar sand¬ 
stones are unfossiliferous, while the .4bur beds indicate an age high up in 

the Jurassic as they have yielded Psmdohaploceras aburense andP. indicum. 

« 

KUTCH 

Jurassic rocks occupy a large area in Kutch and are the oldest rocks 
except for some patches of Pre-Cambrians. They are bordered to the south 
by the Deccan Traps while on the north lies the saline marsh of the Rann 
of Kutch. 

The Jurassic rocks have an estimated thickness of some 6,300 feet 
and crop out in three anticlinal ridges trending E.-W. Owing to an E.-W. 
fault the whole sequence is repeated. The northern range is about 100 
miles long and is broken up into four islands (Patcham, Karrir, Bela and 
Chorar) in the Rann of Kutch. The middle ridge is 120 miles long, trending 
E.S.E. from Lakhpat on the west. A large outcrop occurs around 
Wagur in the east, separated by a plain. The southern ridge, south of 
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Bhuj, is 40 miles long and forms the Charwar and Katrol hills. These 
anticlines show transverse undulations so that the dome-like parts have 
been separated from each other by denudation. Some distance to the 
east, in Dhrangadhra in Kathiawar, there is a large outcrop of Jurassic 
rocks which forms part of the same sedimentary basin. 

The Jurassic sequence has been divided into four main divisions which 
are named Patcham, Chari, Katrol and Umia series from below upwards, 
and range in age from Bathonian (Inferior Oolite) to Xeocomian (Lowest 
Cretaceous). The topmost beds appear to contain representatives of the 
Aptain. They are covered over in places by the Eocene or by the la\'as 
of the Deccan Trap. 

Patcham Series. —The lowest rock group exposed in the Jurassic 
sequence is the Patcham Series named after the island of Patcham in the 
Rann of Kutch as this is exposed in the ridge of this island as well as further 
eastwards. The lower strata are yellow limestones and sandstones con¬ 
taining lamellibranchs {c.g., Cor/utla, Trigonui) in the earlier beds and 
corals and some ammonites m the later beds. The upper strata seen near 
Jarra consist of white limestones and shales with Macrocephalites and 
brachiopods. The Patcham Series is estimated to be about 1,000 feet 
thick on the whole. Though ammonites are present in this, they are not 
very numerous or as important as the brachiopod and molluscan fauna. 

Chari Series. —This takes its name from a village 30 miles north¬ 
west of Bhuj and contains five main stages. The lowest is the M.acro- 
CEPHALUS BEDS (so Called from the common fossil— Macrocephalites macroce- 
phalus) which can be sub-divided into several zones by means of the 
ammonite fauna. The upper part of the middle division of this stage 
contains a few layers of ‘ golden oolite ’ constituting the Diadem.atls 
ZONE [Indocephalites diadematus) which is a calcareous oolite, the grains 
of which are coated with thin films of ferric oxide giving them a golden 
colour. Species of Nuciila and Astarte are also very common in the 
Macrocephalus Stage. Above this occur dark shales and sandy shales 
with calcareous and ferruginous nodules. The lower portion of these 
beds is the Rehmanni zone (Reineckeia rehmanni) in which Macrocephalites 
persists and Phylloceras and Lytoceras begin to appear ; Idiocycloceras 
and Subknssmatia are characteristic, as also some terebratulids and 
Trigonias. The Anceps beds {Perisphiiictes anceps) succeeding the 
Rehmanni zone contain ammonites, brachiopods and lamellibranchs. 

The Athleta beds {Peltoceras athleta) above them are composed of white 
limestones with a similar fauna. The topmost beds of the Chari Series 
are the Dhosa oolites, composed of green and brown oolitic limestones 
and very rich in fossils, among which may be mentioned Mayaites mava, 
Epimayaites polyphemus, Perisphinctes mdogermanits, Peltoceratoides 
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setniriigosiis, Paracenoccras kumagunense, Euaspidoceras icaageni and some 
terebratulids. 

Katrol Series.—This series, composed of different types of sandstones 
and shales, includes the Kantkote sandstones, Katrol beds proper 
and Gajansar beds in the ascending order, and range in age from upper 
Argovian to Portlandian. The Kantkote Sandstone is found in the 
neighbourhood of W'agad and indicates a horizon below the Katrol beds 
proper, the chief fossils being Epitnayaites transiense, Prososphinctes 
virguloides and Torquatisphinctes torqiiatus. The lower and middle Katrol 
beds proper contain Oppelids, Katroliceras, Aspidoceras, Strehlites and 
Waagenia, but the upper Katrol beds are barren. Interstratified with 
these strata are horizons containing plant remains. The Gajansar beds 
contain a fauna in which appear species of Glochiceras, Phylloceras, etc. 

Umia Series.—The Katrol Series is overlain by the Umia Series whose 
aggregate thickness is over 3,000 feet, consisting of sandstones, conglo¬ 
merates and shales, the sandstones often showing bands of hard brown 
or black ferruginous grit. The shaly beds which are assigned to the basal 
Umias (Zamia beds) have yielded Belcmnopsis cf. gerardi, Hildnglochiceras 
kobelU, H. propinquiim, etc. The Zamia shales are assigned a higher 
horizon, i.e., just below the Umia plant beds, by Dr. Raj Nath. The 
lower portion of the Umia beds, which comprises calcareous sandstones 
and oolites, has a Tithonian fauna including HiboUtes claviger, Ptycho- 
phylloceras tithoniciim, Mrgatosphinctes denseplicatiis, etc., some of which 
attain a large size. Acanthorhytichia niidtistriata, Lohothyris sp. and other 
brachiopods are also abundant. Succeeding the lower ammonite beds 
and separated from them by 200 feet of sandstones and conglomerates, 
are the Trigoni.v beds with Trigonia ventricosa, T. smeei and other species. 
The Trigonia beds are overlain by 1,000 feet of unfossiliferous shaly strata 
which have been called the Ukr.v beds by Raj Nath. .4t the top of the 
Umia series are the Umia plant beds (Bhuj stage of Raj Nath), containing 
a flora of Lower Cretaceous age, which has been dealt with under 
the Gondwana System. Their upper portion contains an ammonite bed 
with Crioceras and Acanthoceras which are referable to the .\ptian. 

This sequence is overlapped by the Deccan Trap lava flows or by 
Nummulitic rocks, with a distinct unconformity. 

MADRAS COAST 

Marine fossils are associated with the Upper Gondwana beds of the 
East coast of the Peninsula in the Godavari-Kistna-Guntur tract. Ammo¬ 
nites and other marine fossils were found in some of the beds. The 
Ammonites, which are however in a bad state of preser\'ation, have been 
e.xamined by L. F. Spath who assigns an Upper Neocomian age for them. 
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The plant fossils in these beds are thought to be of I’pper Jurassic age. 
Further details about them will be found in the chapter on the Gondwana 
System. 

BURMA 

Namyau Series. —The Napeng beds of Northern Shan States are 
overlain by red sandstones, conglomerates and shales with occasional, 
limestone hands. They are well developed in the Namyau \-alley and show 
evidences of shallow water origin. Fossils are found in the limestones and 
calcareous shales, comprising only hrachiopods and lamellibranchs but no 
cephalopods, differing in this respect from other areas. The fossils include 
species of Burmirhynchia, Holcothyris, Terebratula, Modiola, Pecten. etc. 
which are considered to indicate a Bathonian age. The Namyau beds 
extend into Yunnan and Szechuan in China. 

The Loi-An Series of Southern Shan States is considered to be of 
Jurassic age. It is composed of shales and sandstones, with coal seams 
in the upper portion. The plant remains found in them include Ginkgoites 
digitata, Cladophlehis denticidata, Pagiophyllitm divaricatiim, Brachvphyllittn 
expansitm and Podozamitcs dtstans. 

There arc certain red sandstones in Amherst and Mergui districts, 
which continue into Thailand and Tonkin. Though fossils are rare in them 
and of little \-alue for determining the age, they are assigned to the Jurassic 
from their lithological similarity to beds in Northern Shan States and 
Siam (Thailand). 
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CHAPTER XIV 


THE CRETACEOUS SYSTEM 

GENERAL 

The Cretaceous is one of the most widely distributed sedimentary 
systems in India and is, moreover, represented by a variety of facies. The 
Himalayan area, as in the earlier systems, shows the Tethyan geosynclinal 
facies. A large area of Tibet and northern Himalaya is covered by these 
rocks. In Baluchistan there is an eastern calcareous fossiliferous facies 
and a western arenaceous unfo.ssiliferous facies consistin,g of sandy strata 
of the European iKsch t\pe. Similar rocks are developed also m the 
Burma and Arakan ranges at the other b<.)rder of linlia. Marine incursions 
of this period have left their deposits in the Xarmada valley, in the Trichi- 
nopoly-South .Vrcot area of southern Madras and in Assam. The latter 
two have a faunal assemblage different from that the Tethyan geosynclinal 
deposits. Estuarine and lacustrine deposits are de\'eloped in various 
parts of the centre of the Peninsula underlying the great group of lava 
flows called the Deccan Traps. 

Towards its end, the Cretaceous was a period of e.xtensive igneous 
activit}’. Granites and particularly basic rocks belonging to this period 
are found in the Himalayan area. Baluchistan and the Arakan region of 
Burma likewise witnessed igneous phenomena. The Peninsula was the 
scene of stupendous volcanic outbursts which were responsible for a large 
thickness of lava flows and fragmental products which at one time probablv 
covered close upon half a million square miles of the land surface. 

The eastern coast of India seems already to have taken shape at the 
beginning of the Cretaceous, but on the west there was still land from the 
southern end to as far north as the Narmada valley, stretching westwards 
into what is now part of the Arabian Sea. An arm of the Tethys e.xtended 
into Baluchistan and further west on the one hand and into the Arakan 
region on the other. A sea possibly connected with this arm, transgressed 
into the Narmada valley in Tapper Cretaceous times and about the same 
time a southern sea invaded the eastern shores of the Peninsula in Southern 
Madras and Assam. 

It is an interesting fact that there is a more or less pronounced strati- 
graphical gap between the Lower and Upper Cretaceous in the geosynclinal 
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area. Strata belonging to the age of the great transgression in the coastal 
areas {i.e.. the Cenomanian) are absent in Baluchistan and Hazara, and 
possibly also in the Arakan. This would suggest that the Cenomanian 
transgression may be compensated for by the marine regression of the 
borders of some parts of the geosynclinal area of the Extra-Peninsula. 

SPITI 

Giumal Series. —At Giumal, Kibber and Chikkim, the Lochambal 
beds gradually merge into yellow and brown sandstones and slaty quartzites. 
These constitute the Giumal Sandstones and have a thickness of about 
300 feet. The uppermost Lochambal beds contain the cephalopods HopUtes 
{Neocomites) neocomensis and Acanthodisciis suhradiatus which clearly point 
to a Xeocomian age*. The Giumal Sandstones enclose a fauna which 
indicates that they cannot be older than Upper V'elanginian or Lower 
Hauterivian nor younger than the Albian : 

•Cephalopods ... ... Holcostephaiius (Astieria) afi. athersloni, Stephanoceras 

sp., Perisphinctes sp. 

Lamellil>ranchs ... ... Cardmm gieumalense (a.h\xn(\.&r\t), Pseudomonotis super- 

stes (abundant), Ostrea sp„ Grypbaea aff. haylei, 
PccU’n sp. etc. 

Chikkim Series. —The Giumal Sandstones are overlain by grey 
or whitish limestones having a thickness of 100 feet or more. These are 
the Chikkim Limestones which contain Belemnites, Htppurites, and some 
foraminifera including Cristellana. Texttdaria, Nndosaria, Dentalina, etc. 
These are probably of the same ago as the Hemipneustes beds of Baluchistan. 
The Chikkim Shales are 150 feet thick, highly folded and unfossiliferous. 

The Chikkim Series is overlain by a group of sandstones and arenaceous 
shales of the flysch facies, which are entirely unfossiliferous. In some 
places ev'en the Xeocomian is represented by the flysch formation. It is 
■clear therefore that after the deposition of the Spiti Shales the sea gradually 
became shallow and became unsuitable for supporting a rich fauna. There 
is also a distinct difference between the Spiti Shale fauna and the Creta¬ 
ceous fauna since the two have verj^ few common elements. 


* A. Spitz (Rec. 44, p. 197-217, 1914) remarks, in connection with the ammonites 
of the Lochambal beds, that the European forms indicate even a somewhat later age 
than that assigned by him. This is significant in view of the assignment by Spath of 
an Upper Xeocomian age for the imperfect ammonites found in the east coast Upper 
Gondwana strata, and of a Xeocomian age for beds in Bannu which contain brachio- 
pods of Kimraeriddigian affinites. Perhaps the * Xeocomian ’ ammonites of the 
Indian region are older than what their European relatives would lead us to believe. 
This is a problem for experienced palaeontologists to elucidate. 
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TETHYS HIMALAYA 

Near the Niti Pass the Chikkim Limestones are well developed. Beyond 
It in Tibet, there are volcanic rocks (of Cretaceous age) overlain by sandstones 
and shales of Eocene age. 

In North Kumaon the Cretaceous is represented bj- the Giumal Sand¬ 
stones of Lower Cretaceous age and Upper Flysch sediments of Upper 
Cretaceous age. The Spiti Shales show a gradual passage into the Giumal. 
Sandstones. The basal portion of these sandstones are mainly shales 
with calcareous sandstone layers containing glauconite. They jrass up 
into hard green glauconitic sandstones with shaly layers. The total 
thickness of the Giumal Sandstones in the Kiogad region is 500 to 700 m. 
They weather into steep-sided black crags with fantastic shapes, some of the 
peaks rising to over 16,000 feet in altitude. Fossils are rare, but several 
bivalves and some ammonites have been found in the Spiti region. These 
indicate that the lower part of the Giumal Sandstone is of \'alanginian' 
age while the uppermost part, which contains ParaJwplttcs cf. nolani and 
Stoliczkaia cf. dispar, is of Gault age. 

The upper part of the Cretaceous, called the Tapper Flysch by Heim 
and Gansser, is estimated to have a maximum thickness of 1000 m., but 
varies a great deal. It shows the following sub-divisions :— 

d. 300 to 400 ni. red and green siliceous sandstones and dense racliolariani 
cherts alternating with siliceous shales. 

c. 500 to 600 m. black slaty shales with clay ironstone layers and flaggy lime¬ 
stones W'ith Fucoids. 

h. 100 ra. of purple marly shales containing foraminifera (Globigerinidae 
and Rotahdae) 

a. 50 m. greenish shale with sandstone layers 

The thickness of each of the divisions is very variable. The division (c) 
above bears a great resemblance to the similar flysch of the northern Alps. 
It also resembles the Spiti and Kuti shales from a distance but does not 
contain the characteristic ammonites of those formations. Heim and 
Gansser state that sub-division (d), which was described as being a tuff 
in the upper part b}' Yon Krafft, is not correct as it really consists of an 
alternation of red and green chert with thin shaly layers all being rich in 
radiolarians. There is no true tuff and what was mistaken for it was 
really radiolarian chert which is a deep-sea sedimentary deposit. It shows 
under the microscope, an opalescent ground mass without any volcanic 
material and is rich in numerous small globular radiolarians and nassel- 
larians. The shells of these are often replaced by bluish glauconite or filled 
with opaque ferruginous silica or chalcedony. The Upper Flysch indicates 
that after the deposition of the Giumal Sandstone there was a considerable- 
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deepening of the sea. The Upper Flj'sch is considered to be of Turonian 
to Senonian age. 

In the Kiogad area the flysch sediments are often overlain by intrusive 
ultrabasic and basic igneous rocks on which they may often lie. There are 
no rocks in the Tethyan Himalayas of Kumaon younger than the Cretaceous, 
but the igneous rocks may be Upper Cretaceous or partly even later in age. 
Some 50 miles east of this region and south and south-west of Raksas 
Lake, similar Cretaceous rocks are seen in the Amlangla and Jungbwa 
areas. Cretaceous flysch is also seen, after an interval, in the region of 
Darchen a little to the south of Mt. Kailas, where the rocks are thrust 
towards the north and underlie the Kailas conglomerates of Eocene age. 

NORTH-WEST KUMAON 

In the area of the E.xotic Blocks, Cretaceous limestones of the e.xotic 
Chitichun facies occur profusely. .According to \"on Krafft, the following 
sub-divisions are recognisable ; 


FEET 

4/ ill) Kfd tuffs, thin bcdiled . . . ... ... 50 

4/ (“) Green tutts, thin bcddc-d ., .. ... 150 

4t’ Greenisli and gre\- sandstones alternating witli shales, 

passing tlirough tnttaceoiis sandstones upwards 
into 4/ . ... ... ... ... 300 

4d. Hard black siliceous shales and crumbling shales . . 30—40 

4c Brown weathering sandstones alternating with shales... 10 

4h Black crumbling shales . . ... ... 200—300 

4ii Red and greenish shales and red shaly limestones ... 100 

3. Giiimal Sandstones (Lower Cretaceous) ., ... 400—500 

2. Spiti Shales (Portlandian) 

1. Grey limestone passing down from the Lower Jurassic 

into the Dachsteinkalk (Up Trias). 


All the strata enumerated under the sub-division 4 belong to the 
Upper Flych, of Upper Cretaceous age. Of these, 4a is remarkable as it 
consists of red siliceous shales of a dark terracotta colour intercalated 
with a few irands of red hornstone and splintery greenish shales. These 
pass upwards into earthy calcareous shales with greenish grev limestone 
intercalations. Because of their colour, they arc verv conspicuous from a 
distance and they are well seen north of Talla Sangcha and also in the 
Chitichun area. 

According to Heim and Gansser, Von Krafft was mistaken with regard 
to his tuft's. According to them there are no tuffs at all amidst the Creta¬ 
ceous rocks in the Exotic Blocks and in the igneous rocks associated with 
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them, the rocks so identified by Von Krafft being really siliceous cherty 
material full of radiolaria. 

The Giumal Sandstones in this region contain grains of glauconite, 
their total thickness being 500 to 700 m., much thicker than Von Krafft 
thought. The upper part of this formation forms a huge anticline on the 
north side of the Kiogad river. Its age is Lower Cretaceous, ranging from 
V’alanginian to the L’pper Gault. According to Heim and Gansser the 
Cretaceous section in this area is as follows :— 

METERS 

d. Green and red siliceous sandstones and dense radiolarian 
hornstone alternating with siliceous shales. These are 
overlain by thrust sheets of basic Igneous rocks ... ... 300—400 

c. Black shales and slates with intercalated layers of fucoid 
hint stones and gri'V ironstone layers The upper part 
contains soint'brown saiKlst‘>nes .. ... ... 500—600 

b. Purple niarh shale and earth)'limestone with furaminitcra ... 100 

a. Green shale with sandstone la>ers, (Giumal Sandstone) glau¬ 
conitic with shaly bands in the middle and greenish sand¬ 
stones in the upper part ... ... ... ... 500—700 

It will be noticed that the major difference found by Heim and Gansser 
relates to the sifii-division [d) {4e and 4/of Von Krafft), the so-called tuff 
being really siliceous radiolanan material. It is seen to consist of opales¬ 
cent silica under the microscope without any \-olcanic material but con¬ 
taining numerous small Raditiluria and Xassellarin whose shells are often 
replaced by glauconite. 

We thus see that in the exotic blocks of the Kiogad region there are 
sediments representing three different facies. The first is the Lower 
Flysch facies of the Giumal Sandstone and the L^per Flysch, which are 
similar to the rocks of the Tethys Himalaya. The second includes blocks 
of Kiogar facies embedded in the igneous rocks of the thrust sheet and 
belonging mainly to the white limestone of the type of Dachsteinkalk. 
The third consists of marbles of the exotic facies (called the Chitichun 
facies by Heim and Gansser) consisting of Permian, Tnassic and Liasic 
limestones, generally of a conspicuous red colour and totally unknown 
in any part of the Himala\’as. These last resemble the .\dneth and Hallstatt 
marbles of the Austrian Alps. 

The idea that these exotic blocks have been carried by volcanic flows 
is discounted by the following facts. The exotic blocks are closely related 
to the igneous rocks in which they occur, being often metamorphosed 
near the contact and assimilated by and mi.xed with them to some extent 
as seen from small patches and streaks of the igneous rocks included in 
them for some distance from the contact. Though numerous isolated 
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blocks appear, there are also many of very large size, well stratified and 
extending over considerable distance. The stratification in some cases 
can be seen continuing into adjoining blocks though they have been isolated 
from each other by weathering. There are no tuffs, those mistaken for 
such being really radiolarian cherts of a deep-sea facies. Tlie most im¬ 
portant of all is the fact that the igneous rocks as well as the sedimentaries 
in them have been folded together and show squeezing and sliding on a 
large scale. The huge masses of the sedimentaries invailved cannot possibly 
have been transported by molten volcanic rocks. In the Kiogar-Chitichun 
region the general dip of the sedimentaries in the e.xotic blocks is towards 
the north, indicating that they have been thrust from the north. Heim, 
and Gansser have given a comparative table of the three facies of sediments- 
involved in the exotic thrust sheet. 

Table 50 —Different Facies in the Himalayan Cretaceous 



Tethys Himalaya 

1 Kiogar 

Chitichun 

Cretaceous 

Upper Flyscli 

; Giumal Sst. 

Basic Igneous rocks 
Shales, limestones 
& radiolarian 
cherts 

1 Basic Igneous rocks 

i 


■ Spiti Shale 

1 

j Pink oolite and 
shale with 

1 Calptonella 

1 

! 

1 

! 

Jurassic 

Iron oolite 

'1 

1 i 


i 

1 

; Laptal Senes 

1 1 

1 ! 

Adneth marble and 

1 radiolarian chert 

1 

Triassic ^ 

j 

Kioto Limestone 

Kuti Shale 

j Kiogar Limestone j 
1 (Dachsteinkalk) j 

Red carnic limestone 
Red limestone with 
Cerafifes 

Kalapani Limestone 
Chocolate Shale 

j : 

Permian 

Kuhng Shales 


Red Crinoidal 


limestone 


There are three other areas of exotic thrust sheets known, all of them 
lying on the route from the Manshang Pass to Mount Kailas. The first 
is found between Shinglabtsa and Amlangla. The second occurs near 
Jangbwa. These two appear to be part of one sheet exposed only at the 
edges because the central portion is overlain by basic lavras. About 30 
miles further to the north, and lying between Darchen and Gyantak to 
the south of Mount Kailas, is the third mass which has been thrust from the 
south on the Kailas conglomerate of Eocene age. This is of the nature of 
a counter thrust and is covered on the south by Pleistocene gravels. 
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The igneous rocks in the exotic thrust mass consist mainly of dolerites, 
greenstones, spilites, amygdaloidal porphyrites, enstatite-peridotites and 
pyroxenites which have been considerably serpentinised. Where they 
are intimately- associated with limestones they have produced serpentine- 
marble. It is interesting that the peridotites are closely associated with 
deep sea radiolarian cherts and siliceous shales. All these intrusions are 
of late Cretaceous or post-Cretaceous age, but pre-thrusting. The sills 
of greenstone may however, be contemporaneous with, or slightly earlier 
than, the fiysch sediments, at least in the Amlangla region. The gabbro 
and peridotite intrusive masses appear to be post-flysch, perhaps late 
Cretaceous, in age. 

CENTRAL TIBET 

Cretaceous rocks, consisting of Giumal Sandstones and Cenomanian 
Limestones, occupy a large area in Western and Central Tibet. They are 
overlain bv late Cretaceous and Eocene rocks towards the south-east. 
In the Phari plain are e.xposcd a thick scries of limestones, shales, slates 
and quartzites which include Triassic and possibly older beds. The upper 
limestones of this group contain Liassic brachiopods. Jurassic rocks 
occupy a large area in the Provinces of Tsang and U, and fossiliferous 
Middle Jurassic limestones are known. Typical Spiti Shales ha\-e been 
found near Kampa Dzong and in the hills east and south-east of Gyantse. 

A full Cretaceous seciuence, though the whole of it is not fossiliferous, 
is noted near Kampa Dzong in a series of faulted folds. Together with the 
associated earh' Tertiary rocks it constitutes the Kampa System. The 
succession near Kampa Dzong is shown in Table 51. 

The lower Cretaceous is represented by the Giri Limestone which is 
unfossiliferous. The overlying Kampa Shale and Hemiaster beds are 
Cenomanian as shown by their fossil content. The Scarp Limestones and 
the Tuna Limestones range in age from Turonian to Maestrichtian and are 
apparently the equivalents of the Hemipneustes beds and Cardita sub- 
complanata beds of Baluchistan. The ferruginous sandstones at the top 
are thought to be partly Cretaceous and partly Eocene. 

In this region there are altered basic intrusives and serpentines which 
appear to be late Cretaceous or Eocene in age. There is also an unfoliated 
hornblende granite intrusive into the Mesozoic rocks. 

KASHMIR 

The presence of white Cretaceous limestone containing Gryphaea 
vesiculosa is known in Rupshu and in Ladakh on the Leh-Yarkand road. 
Some Hippurite-hedi.rm^ rocks are known in the Lokzhung range in north¬ 
ernmost Kashmir. 
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Table 51—The Kampa System of Tibet 


Age 


Sub-divisions 


Thickness 

Ft. 


EOCENE 


Senonian 


Turonian 


Maestrich- 

tian 


; Uzongbuk Shales 
Alveolina Limestones 

Shales and limestones, unfossiliferous ... 

Sandy micaceous shales and flaggy sandstones 
Orbitolites limestone with Orbitolite^i and Milioluia 
Spondylus shales—Varicoloured and needle shales 
Operculina limestone—Shaly nodular forammiferal Iime- 
I stone with Xttmmnhies 

Gastropod limestone—Limestones, thin-bedded below 
but hard, massive and dark above with gastropods, 
especially Velates schmidcliana 
Ferruginous sandstones—no determinable fossils 

f Flaggy shaly limestone with sandy layers^ 

I and with Lithothamnion limestone in [ 

I the middle {Cyclolttes regitJari.^, Menu- )- 
Tuna ^ pnuestes iibeticus, Holectypus, Orbiiohics { 
Limestone | macropora, Vola quadricostata 

Third scarp limestone with shaly bands- 
with Radiohtes and Aciaeonetla 
Thin, flaggy and shaly limestone with Kadiolites and 
Echinojcls 

Second Scarp limestone with Rudistae, Oyhitohtes media, 
Echinoids and Lamellibranclis 
Dark shales and limestones with a few Gryphaca 
First scarp limestone, iiard and splintery—no deter¬ 
minable fossils 


100 

400 

150 

50 

150 


200 


150 

100 

150 

150 


Hemiaster beds—Pale grey shales witli Hemiaster gros-\ 

soHcrei, H cenofiKoieHie, Gryphaea, Inocemmu^: . .j 250 

Cenoma- Kampa shale—Brown shaly limestone and black needle*] 
man shales with Acanthoceras rhotomageuse and other ^ 

species and reshi/zfs ... ... J ? 


Gin limestone—hard thin-bedded limestone, unffissili- 
Lower ferous 

Cretaceous 


JURASSIC Spiti Shales 


In the Astor-Burzil region, Cretaceous limestones and shales bearing 
foraminifera {Orbitolina cf. hitlgarica], gastropods and corals are found 
intercalated with volcanic rocks, rvhile granites, pyro.xenites and other 
igneous rocks are also known to be intrusive into the Cretaceous. 

HAZARA 

Mention has already been made of the fact that there are two parallel 
zones in Hazara in which different facies of rocks are dev'eloped side by 
side. This applies not only to the Jurassic but also to the Cretaceous. 

In the north-western zone, the Spiti Shales of Jurassic age pass con¬ 
formably upwards into the Giumal Sandstones, succeeded by 10 to 20 feet 
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of orange-yellow sandstone with cherty and ferruginous patches containing 
Albian ammonites. Amongst the fossils are Lyelliceras lyelli (abundant), 
L. cotteri, Acanihoceras riwtomagensis, Eiitrephoceras sp., Douvilleiceras 
mammillatuni, D. aff. monile, Brancoceras, Diploceras aft. houchardianum, 
Hamites cf. attenuates, Melahamites aff. elegaiis, Oxytropidoceras multifidum, 
O. roissyanum, Mojsisovicsia aff. delaruei and also Echinoconus and Micraster. 
This bed is followed by 400 feet of well-bedded grey limestone with a 
laterite layer on top, the latter indicating subaerial weathering before 
.the Eocene was laid down. 

In the south-eastern zone, the massive limestone of Upper Jurassic 
age is succeeded by Giumal Sandstones which are 100 feet thick, and dark 
green to nearly black in colour. Calcareous intercalations in these sandstones 
contain abundant Trigoina. They are succeeded by 100 feet of sandstone 
and .shell limestone, overlain by 100 feet of buft. thm-bedded shaly limestone. 
All these form a conformable series and api'iear to be of Xcocomian to 
Albian age. Their junction with the o\erlving Eocene is marked by a 
bed of laterite. In this south-eastern zone, therefore, the beds between 
the Albian and Eocene are missing whereas in the north-western zone the 
unconformity is much smaller, I'.e., between the Middle Albian and some 
part of the I'pper Cretaceous. 

.VfTOCK DISTRICT 

The Spiti Shales of this region pass inipercejitibly upwards into the 
Giumal horizon containing (hytropidoceras aff. roissyauum in the upper¬ 
most beds which are of .Albian age. There are no strata belonging to an 
ago between these and the Eocene. 

SAMAXA RAXGE 

Above the Saniana Suk Limestone of Jurassic age there occur dark 
grey glauconitic sandstones with limestone bands containing the ammonite 
Asticria and Belemnitcs of Xeocomian age. The glauconitic sandstones 
are imconformablv succeeded bv the Main Sandstone Series of .Mbian 
age consisting of white quartzitic sandstones with hacmatitic bands and 
havTng a thickness of about 700 feet. Fossils occur in the topmost grits 
including :— 

Cephalopoda ... Douvilleiceras miimmiUatHin (very abundant), Piciefia 

cf. astieriaiia, Clconiccias daviesi, Desnioceras 
latidor'iutiiiii, Brancoceras ludicuni, Hauufes cf. 
aftenuatU'i 

Brachiopods ... Rhynchonella samaneu^is, R. reticulata, Tera})yafula 

sanianensis, T. daviesi, Kiu^cna '^tpinulosa. 

‘Oastropocls ... . . Mcfacerithium cf. ornatissiwiim, Seinisolariitin niom- 

liferum. 
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Lamellibranchs ... ... Pccien, Xtitlicu, Venus, Cypyina cf. qiiadrata. 

Echinoderams ... ... Dtscoideu aft. decoruta, Conulits sp , Holastcr sp. 

The Main Sandstone Scries is succeeded, after a slight unconformity, 
by 150 feet of flaggy limestone called the Lower Lithographic Limestone, 
of probably Chikkim age. Above this there are variegated quartzitic 
sandstones and the L'pper Lithographic Limestone, which also appear 
to be of Upper Cretaceous age. 


CHITRAL 

Middle to Upper Cretaceous strata, consisting of limestones containing 
Orhitolina and Hippnrites, are found in a series of outcrops in Chitral, 
often faulted against older strata. They are succeeded liy the Reshun, 
Conglomerate beds whose age may be Upper Cretaceous or Eocene. 

BALUCHISTAN—SIND 

In the eastern or Calcareous zone of Baluchistan, the Cretaceous- 
System is well developed as a series of shales and limestones, whereas in 
the western or Flysch zone it consists mostly of dark greenish grey sandstones 
and sandy shales. 


The Calcareous Zone 

Belemnite Shales. —In the calcareous zone the Neocomian succeeds 
the Callovian strata unconformably. It consists of two divisions, the 
lower Belemnite beds and the ufiper F‘arh Limestones. These formations 
are abundantly intercalated with agglomerates and tuffs (especially 
abundant in the lower part) and pillow lavas of basic composition. The 
Belemnite beds are dark shales containing abundant belemnites of the 
genus Duvalia (a flatted form) and other fossils including Ditvalia dilatatus, 
Belemnites latus, B. suhjitsiformis, Gryphaea oldhami. etc. At times the 
Belemnite beds swell into a thick formation of green shales with thin 
limestone intercalations ; by the accession of arenaceous materials these 
P-iss into the flysch facies developed oh a large scale in Lower Zhob. The 
Belemnite Shales are younger than the upper parts of the Spiti Shales 
which, as we have seen, are of Lower Neocomian age. 

Parh Limestones. —Conformably overlying the Belemnite Shales 
are the Parh Limestones of white, red and purple colours and often of 
porcellanoid texture. They occasionally reach a thickness of 1,500 feet. 
They are unfossiliferous in the main, but occasionallv contain Inoceramiis 
and the aberrant genus Hippnrites characteristic of the Mediterranean 
province. 
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The Parh Limestones and the Belemnite beds are seen forming the 
peripheral portions of the domes and anticlines whose cores are of dark- 
coloured Jurassic limestone. These two divisions, which form one strati¬ 
graphic unit of L-pper Neocomian age, unconformably overlie the Callovian 
Polyphemus Beds and are in turn unconformably overlain by rocks of 
Senonian (Campanian) age. 


There are intrusions of gabbroid and peridotitic rocks in the Parh 
Limestones, which may be of Lower or Upper Cretaceous age. \Mth 
these are associated the chromite deposits of Zhob-Pishin areas. 


Hemipneustes Beds. —The Upper Cretaceous is developed in the 
Laki range of Sind and in a large area in the Calcareous zone of Baluchistan. 
The lowest strata, called the Hemipneustes Beds, are limestones of Cam¬ 
panian to Maestrichtian age, which have yielded a rich faima :— 


Ccphalopiidi 

Jtchinoulft 


Lamellibranchs 


■Gastropijd'S 


Parapachydiscii^: ditlniensis, 
ychncd,is polyploctim. 

llinup>teu‘:lcs pyi'enivcit^, H. Lcvnienci, H. coiiip- 
te'iSKS, lickinoccinus gigiis, U helioi, Holectypus 
bttlminsliiiu'ii'iis, Pyrinu ataxcnsis, Hcmiiisler hUtn- 
fordi. 

Aleclryoitia pcctinaia, Gryphaea vesicuUiris, Vola 
quadncostafa, Spotidylus siintoniensi^, Pectt'n 
(Chlamys) diijnrdini, Corbuhi harpa. 

Orulii erpiiiiiu 


Cardita Subcomplanata Beds. —^The Hemipneustes Beds are 
overlain by shales containing occasional fossiliferous bands, one of these 
containing a rich ammonite fauna, though only 6 inches thick. The fossils 
from this zone include Cardita {Venericardia) subcomplanata (by which 
name the beds are sometimes called), and the ammonites Indoccras halu- 
chistanensis. Sphenndiscus acutodorsatus, Parapachydiscits dtdmensis and 
Gaitdryccras sp. 

Pab Sandstones. —The above-mentioned shales are followed by a 
thick series of flysch-like sandstones, called the Pab Sandstones. Though 
mainly unfossiliferous, they contain rare fossiliferous horizons of shaly 
constitution, especially in the upper part, in which Cardita (I encricardia) 
heaiimonti has been found. Other fossils of these beds include : 

Lamellibranchs ... ... Venericardia vredenbiirgi, Oifrea aciilirostris, O, fle~ 

mtngi, Linstrca onenlalis, Corhida sulcirfera, C. 
Iiarpa, Ciassatella austrnica, Cardium inaequi- 
coHvexum, Glycimens vredenbiirgi. 

•Gastropods ... ... Bettardia indica, Xenia haiioiis, Morgania fusifninis, 

Turritella praelonga, Potainides chaprcnsis, Proccri- 
Itiiiim triplex. Campanile breve. 

•Cephalopods ... ... Xaiitiliisforbesi, X. lebeclii. 



412 GEOLOGY OF IXDIA AND BURMA [CHAP„ 

The Jurassic and Cretaceous succession of Baluchistan is shown ire 
Table 52, based on the work of E. Wedenburg. 


Table 52—Mesozoic Succession in Baluchistan 
(After Vredenburg— Rcc. 38, p. 199—200) 


Age 

1 Sub-divisions 

1 

Eocene . . 

... Ghazij beds—Gypseous clays etc with Assi/ina gra- 
\ nulosa. 

Daman to Maestnchtian 

Senonian 

. . Carclita beaumonti beds witii volcanic agglomerates, 
basalts, dolentes and serpentines 

Pab Sandstones—Massive, rather coarse, sandstones, 
sometimes of large thickness, accompanied by volcanic 
; materials. 

... Olive Shales with numerous ammonites, occasionally 
* interbedded with volcanic ash. 

Hemipneustes beds—Limestones and calcareous shales 
' with Parapachydiscus, Bostrychoceras, and several 
echinoids. 

Xeocomiaii 

Lituula beds—FlaggN’ porcellamc limestones and shales 
of bud and pale green colours, containing numerous 
small toramiiiifera principally oi the genus Litiiola. 

Parh Limestone—uhite, porcellamc. well stratified 
limestone.s with ferruginous basal beds. 

,Belemnite beds—Black splintery shales with abundant 
Belemuites (Duvalui) and Hoplitcs^ 

Callovian 

Bathonian and Bajocian . 
Lias 

.. Polyphemus be<ls—thin bedded limestones and shales 
containing the large ammonite Miwrocephahtes 
polyphemiis 

. Massne grey limestone, several thousand feet thick. 

.. Dark, well-bed<ied limestones, several thousand feet 
thick, sometimes with fossililerous horizons. 

Trias 

. Thick, greenish grey slaty shales with thin black limestone 
layers Monotis salinaria, Didymites, Hulorites, etc. 


I’ermo-Carboniferous 


Limestones with Productus and other Permo-Carboni¬ 
ferous fossils. 


SALT RANGE 

Belemnite Beds. —Only the lower portion of the Cretaceous is 
represented here, consisting of a 10-foot thick grey sandstone supposed 
to be glauconitic, ocerlain by white sandstones. .At Kalabagh, just beyond 
the Indus, they contain Bdemnites of Neocomian age. They continue on 
to Chichali, Makarwal and Sheik Budin hills where the lower belemnite- 
bearing beds are shaly and associated with grey marls overlain by white- 
and yellow sandstones. 
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The Belemnite beds contain a fairly rich fauna belonging to the \’alangi- 
nian age, amongst which are the following ; 

Olcostephanus salinanus (abundant), O. suhlaevis, 0. fascigents, 0. 
(Rogersites) schenki, Blanfordiceras aff. -dL'allichi, B. cf. boehmi, Subthur- 
mannia media, S. fermori, S. patella, Himalavaites cf. seideli, Neucomites 
similis, Parandiceras sp., Kiliatiella asiatica, K. besairiei, Neocosmoceras 
hoplophorum, Sarasinella uhligi, Neohoploceras submartini, Nculissocerax 
grasiamim, Hibolites subfusiformis (abundant) ; 

Pleurotoniaria hlancheti, Astarte herzdgi, Exogyra imbricata. 

Also fish and reptilian remains. 

It was believed that there are no Mesozoic beds in this region \'ounger 
than the Albian (Gault). S.R.N. Kao has recorded the foraminifar 
(ilnhtitruncana rosetta of Maestrichtian age from the Baroch Limestone of 
the N'ammal gorge. They are succeeded by ferruginous marls having 
a thickness of about 6 feet, and these by Locene limestone. Tht* marls 
may be Cretaceous or Eocene. 

PENINSULAR AREAS 
BOMBAY 

Ahmednagar (Himmatnagar) Sandstone. —The .\hmednagar Sand¬ 
stones, discovered by C.S. Middleniiss in the Idar State, consist of thick, 
horizontally bedded sandstones, shales and conglomerates, having pink, 
red and brown colours, .\mungst the plant fossils found in these, Mata- 
nidiiim indiciim and Weichselia reticulata have been identified, which point 
to a Lower Cretaceous (W’ealden) age. These sandstone are therefore 
older than the Bagh beds and may be contemporaneous with the Nimar 
Sandstones underlying the Bagh beds. 

The Ahmednagar Sandstone is similar to the Dhrangadhra Sandstone 
(see Upper Gondwanas, p. 274), the Songir Sandstones of Baroda and the 
Barmer Sandstone of Western Rajputana, all of which appear to be of 
about the same age. 

KUTCH 

The Jurassic rocks of Kutch pass upwards into the Ibnia plant beds 
which are overlain by sandstones containing marine fossils like Colomhiccras 
and Cheloniceras. The age of these beds is Aptian. 

NARMADA VALLEY 

Bagh Beds. —Strata of Cretaceous age are observed in a series of 
outcrops between Barwah east of Bagh in Gwalior State and Wadhwan 



•414 


GEOLOGY OF INDIA AND BURMA 


[chap. 


in Kathiawar, the best exposures being found around Chirakhan and in 
the Alirajpur-Jhabua area in Gujarat. They rest on the ancient metamor- 
phic rocks and attain a thickness of 60 feet or more in Gwalior State but 
ar^i believed to be much thicker in Rajpipla State. The lower part of the 
beds is arenaceous while the upper is mainly calcareous. 

Near Bagh, the lower beds consist of a basal conglomerate with sand- 
■stone and shale layers above. These are called the Niraar Sandstones. 
The upper portion consists of three divisions, a lower nodular limestone, 
a middle marly bed (Deola marls) and an upper coralline limestone. 

Deccan Traps 

{ Coralline Limestone 
Deola Marls 

Nodular argillaceous limestone 

1 

LLower... Nimar Sandstones 


Metamorphics 

The Nimar Sandstones thicken when followed westviards. They 
yield good and durable building stones, quarries for the e.xtraction of which 
exist near Soiigir in Baroda. The Nodular Limestone is compact, argilla¬ 
ceous and light coloured. The Deola (or Chirakhan) marl is only 10 feet 
thick but richly fossiliferous. The Coralline Limestone is red to yellow in 
colour and contains abundant fragments of bryozoa. The Deola Marls 
are the chief fossiliferous beds, but closely related fossils occur also in the 
limestones above and below them ; 


Brachiopods 

Cephaiopods 

Lamellibranchs 


Gastropods 


io-'hinoids 


Malanrhynchia (several species). 

Kiicmiceras mintoi, Xaniadocenis scindtae, K. hosei. 

Crassinclla fngonoides, C. planissxma, Keithea movrisi, 
0<;trca arcotensis, O. leytneyici, Plicaliila imdticostafa, 
Protocardium pondicherriense, Cardxum {Trachy- 
cardiiim) incomptum, ^lacrocallista cf. scnlpturata, 
Grofriaua cf. jugosa, Inoceramus concentriciis, I. 
mnlfiplicatus, /. lamarcki. 

Lyria granulosa, Fitlgitraria cloyigatu, Fasciolaria 
rigida, Tnrritella miiltistriata. 

Cidaris namadica, Salenia heatiyxgci, Cvphosonia 
namadtcitm, Orthopsis indica, Echinnhrissus havdeni, 
E. mal'djacnsis, Hcmnistcr cenotnancnsis, H. chira- 
khancnsis. 


This fauna is referable mainly to the Turonian, perhaps extending from 
Cenomanian to Senonian, according to G. \V. Chiplonkar. 

In his examination of the Bagh beds of the Dhar Forest area, Vreden- 
burg came to the conclusion that they were contemporaneous with, and 
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represented the marine facies of, the Lametas. The fossil evidence points 
to the age of these beds as Cenomanian to Upper Senonian. 

The fauna of the Bagh beds has a close resemblance to that of the 
Cretaceous of Arabia and Southern Europe so that it is thought that the 
area was occupied by an arm of the Tethys. There are, however, some 
elements which show affinities with the South Indian Cretaceous— Pro- 
tncardium pondicherriensc, T rachy neardium incomptum, Macrocallista cf. 
sculptiirata, Turritella {Zaria) multisiriata, and the Uttattur forms Grotriana 
cf. jugosa and Crassinella cf. plamssima. The available data are not 
sufficient to infer an intermingling of the fauna of the Tethyan and Indo- 
Pacific (Southern) regions. 


SOUTHERN MADRAS 

The great Cenomanian tran-^gression covered a large area of the 
Coromandel coa.st from near I’ondicherry to the Caiu'crv valley. The 
Cretaceous rocks are found in three areas separated bv alluvium of the 
Pennar and \’ellar rivers. There is, besides, a small patch to the south 
of the Cauvery, a few miles west of Tanjore. The largest of these is in the 
north-east of the Trichinopoly district and occupies about 250 sijuare. 
miles. 


Trichinopoly district 

Here the rocks lie on a platform of granitic gneisses and charnockites. 
a thin fringe of Upper Gondwanas intervening between the sediments and 
the .\rchaeans in a few places along the western margin. On the north 
they are covered by alluvium and on the east by the Cuddalore Sandstones 
of Miocene age. The Cretaceous rocks are divided into four stages as shown 
in Table 53. The oldest stage is found on the west and is successively 
overlain, and in places overlapped, by the younger ones nhich occur to the 
east. The general dip of the formations is to the east or E.S.E. at low 
angles. Slight unconformities e.xist between the three lower stages, though 
these are not prominent. 

Uttattur Stage. —The lowest beds are named after the village of 
Uttattur (about 20 miles N.E. of Trichinopoly) which lies on the western 
margin of the Cretaceous strata. This stage lies on charnockites for the 
greater part, and on gneiss and granite at its northern and southern ends. 
Near its junction with the Cretaceous rocks, the charnockite is heavily 
weathered and replaced by or veined with tufaceous limestone (kankar\' 
matter). Upper Gondwana shales and sandstones intervene between this 
stage and the charnockites in a few places, forming four of five separate 
patches. The junction between the Gondwanas and basal Cretaceous 
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rocks does not show any disconformity hut a thin ferruginous bed may lie 
seen intervening between the two. The outcrop of this stage is 4 to 5 miles 
wide near the southern end but narrows down to less than a mile in the 
north, being overlapped at both ends bj- the next higher stage. 


MAP XII 

THE CRET.ACEOUS ROCKS OF TRICHIXOPOLY 



The Uttattur beds consist of fine silts, calcareous shales, and sandy 
clays containing ferruginous, phosphatic and calcareous nodules. The clays 
arc often streaked with yellow and brown ferruginous stains. At the 
base, in a few places, there is a dark grey, somewhat arenaceous, limestone 
v\hich is usually weathered (to a depth of 10 to 15 feet) to a yellow colour. 
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It is locally of the nature of a coral rag containing corals and other fossils. 
It is locally used as a building stone and, since 1940, for the manufacture 
of Portland cement at Kallakkudi (Dalmiapuram) near Pullambadi. This 
coral reef limestone is found in a few places at the base of the Uttattur 
Stage. It shows the remains of corals, se\'eral foraminifcra {Nodosaria, 

Table 53— Cretaceous Succession in Trichinopolv 


Ajjc 


Stai^e , Description and fossils 


Daman 


Xinivur 


!\Iaestnc]itian 

- Anyalur 


Senonian 


Trichinopol\- 


'furonian 


—--Uttattur 

Cenomanian to 
uppermost 
Albian. 


White sandy limestones and sandstones 
uitli Xaiitiliis danicits, Lyria foymosa, 
Cmiafna percmssa, Styluia pavvithi 


rppt'v Sandy strata \\ithout fossiN 


t I\'ile sands and clays with Pachy- 
P. i>laCi'>dt’nci<, Brahnuntc^ 
hiahma, Jhicidde'i iutyimy Rodtllaria 
puUuitci, Macrodou japcticuuy GyypJiaea 
vesicuhiyi-^, Alectyyonia iinf’idafa, 
mcdopygiis elatus. 


Upper . Sandstones, clays witli Placenti- 
ceras tamulicuw, ScJdoenbachia dravuiicum, 
Heleroceras ludiciifii, Fasciohiria rigida. 


Loiter ■ Sandstones, clays and vShell hmc- 
st(.)nes with Pnehydiscii'^ pcramplus, Schlo- 
tidmchia {Priuocychi:-^) scyraiicarnudus, 
Trigoma irichinDpohtensis, Ptotocardium 
hdhinuni 


Upper : Sandy beds w'lth Mammites con- 
ciliatus, Acanthoceras nezoboldi, Xaittilus 
hiixleyaniis. 


Middle : Clays with Acrndhoccras cf. rhoto- 
magense, A. maiiteUi, A. colcroouefise, 
Tiirrihtes costatne^, Alccfryonia carniafa. 


Lower • Basal limestone and coral ra.s^ with 
clays above, with Schloenhachia inflata, 
Stoliczkaia dispar, T urrildes betgeri, 
Hannfe^ armatw^, Pelcnindes 


Orhidina, Textularia, Rotalia, etc.) and algae {Snlcnopora, Marinella, Pseiido- 
lithothamnium etc.). At Kallakkudi (CulU’goody in Blanford’s Memoir) 
this is said to contain some pebbly limestone at the base, interpreted by 
Prof. S. R. Narayan Rao as possibly derived from an earlier Jurassic 
limestone which is said to e.xplain the presence of characteristic Jurassic 
algae in them. The succeeding beds are clays of buff colour streaked with 
red and yellow and containing thin intercalations of sandstone. They are 
traversed by veins of gypsum which are up to five inches thick. In certain 
14 
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1 . Beletnniles, fibula ( 1 / 3 ) ■> r 

(1/6). 8. AC ,j, 6. .\./,uxleyanus(ll4). 7. N. danicus 

vetledae (1/3). (?'?“?,' (2/3)- 10. PA>7/™ 

13. iytoreras {Pseudophylhtes) mdm (l/i) ia (GaRcfi-y-cerai) Aaj'o (2/3). 

14. Lyloeeras {Gaiidtyceras) varagurense 
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areas similar but sparsely distributed veins of tiluoiis celestite, barite and 
calcite also occur as also calcareous and phosj)hatic nodules up to six inches 
long. The upper beds are more arenaceous and show current-bedding. 
There must have been an interval before the close of the Uttattur times 
when the sea became desiccated, impregnating the sediments with gypsum 
and salt. 

The dips are low and irregular, from a feu’ degrees to as much as 25 
degrees towards the cast or south-east, the average being about 10 degrees. 
The thickness of the Uttattur Stage should however be more than the 1,000 
feet allowed for bv Blanford, and probabh' abmit 2.000 feet. 

It is noteworthv that tliough there is some cultivation in parts of the 
area occujiied by this formation, where it is cotered liy soil, there are no 
villages on it because the siib.soil water is ^aliiie. l-l\ en the streams entering 
the area soon become s.ihiie and di posit salt eftloresceiices wluai they dry up. 

Fauna.—In the lower portion in some jilaces numerous Bclemnitc 
guards and other fossils occur. .Xminonites. including some uncoiled forms 
are found throughout, often in nodules partially replaced by gypsum or 
celestite or limonite, when the finer markings of the shells disappear. 
Near the top ot the stage, several large ammonites are found, the largest 
measured by the author being 42 inches in diameter and too heavy to be 
lifted by a man. Three di\'isions can be recognised from the faunal content, 
the lower with Schloenhiiclita [PcrvinqHii'riu'i inflata. the middle with 
Acanihoceras cf, yhotaniagcnsc and other species and the upper with 
Mammites conciliatiis. According to F. Kossmat, the lower two divisions 
are of uppermost Albian and Cenomanian age and the upper one of Lower 
Turonian age. 

Gastropods ... Xennea incacata, TtanieUa riodosa, Scala Clementina, 

Littonna atlenuata. 

Lamelhbranchs Lucina fallax, Grotriana jui^osa, Tri^onarca gamana, 

Inoceramus tabialus, Neithca qmnquccosfafa, Aleciry-' 
0711U dihiviana, Gryf^haca CAliimha. 


0/4). 15. T.ytoccras [TetragoniU^) epiqonitm (1/3) 16. (retragonifes) tinio-' 

theaniim (1/3) 17. Hamiies {Anisoccrus) mdicus (1/3) 18. Bacuhtes vagina {a, side 

view ; b. back view ; c, d, cross sections) (1/4). 19 Tmrihie< circiinilaenuitiis (1/2). 20. 

Tiirrilites {fleieroccras) iridtcns {\I3), 21- Placenticeras taniiihcum {{',?>). 22- Sonnera- 

tia obesa (1/4). 23. Schloenhachia tnflafa (1/6). 24. Schloenbachni {Peroniceras) dravi- 
dica (1/4). 25. Stoliczkaia dispar (1/6). 26. Acanfhoceras laiiclavnni (1/6). 27. Acan- 
thoceras gothicum (1/4). 28. Acanihoceras newboldi (1/3). 29- Acanihoceras manielli 

(1/4). 30. Acanihoceras cunningtoni (1/6). 31, 32 Scaphifes ohliquns (2/3). 33. 

Scaphiies kingianiis (2/3) 34. Olcostephanus superstes (1/3). 35 Holcodiscus theo- 

haJdianits (1/3). 36. Holcodiscus bhavani (I'2) 37. Holcodiscii' karapadensis (1/2). 
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Cephalopocls ... ... Belemnite^ fibula, B. stilus Xautilii^ hiixleyauH^, 

N. splendens, X oolatooreyisis, X. negania , Schlo- 
enbachia inflata, Stolic^kaici dt<par, Acanthocetas 
cf. rhotomagen^c, A colerooneusi^, A. mantelli, 
Lyfoceras iimolheatiH^. L. sacya, PhvlUicevas for- 
besianunt, Manmiites conciliatiis, Anisoceras aymatiim, 
Tnyrihtes bergeri, T. costaiiis, Ptychoccvas forbesianum, 
Bacidites vagina. 

Corals ... ... Asfrocoenia retifera, Caryophyllia graniilifera, Platy- 

cvathus indiciis, Stylina mxiltisiella, 5. grandts. 
Thecosmilm geminata, Isastraea expansa, Tham-^ 
nastraea crassa, Hehopora edic'ardsana^ 

Trichinopoly Stage. —This stage is unfortunately named, since 
the city of Trichinopoly (Tiruchirapalli) is at least 15 miles from the nearest 
outcrop. The best known villages on this stage are Garuclamangalam 
and Kunnam. It has a maximum width of 4 miles.in the south-west where 
it overlaps the Uttattur Stage and rests on the metamorphics. It gradually 
narrows down northwards where it is overlapped by the succeeding Ariyalur 
Stage. 

The Trichinopoly Stage seems to have been laid down after the 
Uttattur Stage was slightly uplifted and denuded. A slight unconformity, 
sometimes marked by a bed of conglomerate or coarse pebbles, is seen at 
the base of the Trichinopoly Stage, but this is not always noticeable since 
the upper Uttattur beds are arenaceous and similar in constitution to the 
succeeding beds and angular unconformity is not easy to detect in the 
irregularly dipping strata. Some of the conglomerate is full of granite, 
quartz and feldspar pebbles derived from the granitic area to the south 
and south-west. 

The Trichinopoly Stage is a littoral, shallow marine formation con¬ 
sisting of sandstones, grits, calcareous grits, occasional shales and bands 
of shell limestone full of gastropod and lamellibranch shells. This shell 
limestone (found near Pullambadi, Garudamangalam, Anaipadi, Kunnam 
and other places), is a beautiful ornamental stone capable of taking a good 
polish, the white or opalescent molluscan shells being embedded in a very 
fine-grained dark grey matrix. 

Though there is an unconformity at the base, this Stage has a general 
dip conformable to that of the underljung and overlying beds. It shows 
large trunks as well as broken pieces of fossil wood in several places. One 
of these, discov'ered in 1940 near Sattanur by the author, measured 86 feet 
long and 54 inches in diameter at the base. Several smaller opalised and 
silicified trunks were found east and south-east of Garudamangalam. 

The Trichinopoly Stage has pelded a large number of fossils, the 
majority being lamellibranchs and gastropods, a change of fauna being 



Explanation of Plate XX 


38. Brahmaites brahma (1/3). 39. BrahmaiU's vishnu (1/4). 40. Pachydiscus 

jimboi (1/4). 41. Pachydiscus gollevillensis (1/4). 42. Pachydiscus ofacoderists (1/4). 

43. Pucosia gaudama (1/4). 44 Desmoceras gardeni (1/2) 45. Desnwccras latidor- 

satum {\j2). 46. Desmoceras sugafa (1/3). 31. Rosteltaria palliata (lj3) 48 Cypraea 
kaeyei (1/2). 49. Gosavia indtca (2/3). 50. Fulguraria elongata (1'3). 51. Fasciolaria 
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indicated aft('r the Uttattur times. The uncojif'd aniiiionites charac¬ 
teristic of the Uttatturs— Scaphitc^, Tnrnlitcs. —are apparently 

rare in this stage. The chief fossils of this Stage are : 


Cephalopoch 


Gastropods 


Lamellibranchs 


Corals 


Pcioniccra^ dnu-idicuiii, GiiuJtyccya.'s r(7nii;iiyeusis, 
Tcira>;tniites Fachydisciis ptraniplii^, 

Pu>i7pachvdiscii<: kolutuiLU'^i^. Pf lonocvclus sc) tat 
cii) intitw^, Placentictuis taniulicxim, Puzos^ia ^^aiidama, 
Dtsmocevus sugata, Holcodisciis {Ko^smaticeras) 
Jhcohuldianus, H (K ) bharcnii 

Ahtria ttsiulata, Ro<U'llantf palliatu, Cypyaea new- 
boldi, Gosaiia indica, Fidf^uyaria cloni^ata, Fascio¬ 
la} m ngidii, Henntxisiis cnictu^, Ccyiihiitni inmomle, 
Tmritflla apini^. Chenniii:.ni uyidosa, Vtdaies 
decipu'u^, Fnttochus gcimtziauus, Actaeon iiirricu- 
latns, Avcllatia ampla, Dentalium cyassiilum. 

Aleciryoma diluviana, Spondylus calcar atu<, Vola 
{' Xeiihca) inulticostata, Modiola typica, Trigonarca 
tnchinnpolitensis, Trigonia scahra, Protocardium 
pondichencyise, P htUaimm, Trachycardium incomp- 
iLiw, Cyihcrea vagnuis, Panopea orientalis, Corimya 
>ddl,ut)i(ana, Covbala parsura 

Trochosimlta inflexa, Isu'^fraca morchella. 


Ariyalur Stage. —Taking its name from Ariyalur town which is 
situated on it, this stage is more extensively developed than the lower 
ones and consists of grey to light brown argillaceous sandstone and white 
sandstone. Fossils occur in the calcareous, somewhat nodular, shaly 
rock which forms the lower jiart of the stage. The upper part consists 
of white unfossiliferous sandstones. The strata are regularly 
bedded and appear conformable to the Trichinopolv Stage, though here 
and there conglomerates occur at the base. Moreover, they overlap on 
to the Uttattur beds in the north. They are found as detached outcrops 
in the ^Tidhachalam and Pondicherry areas and as small patches amidst 
the alluvium a few miles west of Tanjore. To the east they are covered 
by the Cuddalore Sandstones. They have a gentle easterly or north¬ 
easterly dip (a\eraging 3 to 5 degrees) and attain a thickness of around 


rigida (I,'2) 52. Actatiniella c\Iindricu [2!^) 53. Ct'yithium aycotense (2/3). 54. 

AthUtu pHypuyifitnuis (1/3). 55. Tuyyiiella [Zuna) multistyialu (2/3). 56. ChemnitziU- 

uyidosa (1,31. 57 l.iispira pa:’i>da (2/3). 58 Ampulluia hidbifoynus (1/2) 59. 

Gyyodes paiistis (2'3i 60. Xeiitu duayicala (1/2). 61 Gyotyiayia juposa (1/2). 

62. Caydita paquenvti (1/2). 63. Caydimn {Tyackvcaydium) incompiuyn (1/2). 64. 

Pyotocardium pondichcyyicnse (1/3). 65. Luciua \Codakia) peycyassa (1/4). 66. Trigo- 

nnyca galdyina /1;2) 67. Alacyodon {Gyumynatodoyi) japeticum (2/3). 68. Vola 

quinquescostata (1,3) 69. Exogyia oslyacnia (1/2). 70. Stygmatopvffus elalus (1/3). 

71. Alectyoyonia iingidata (1/4). 72 CayvophvUia aycoiensis (1/3). 73. Cyclolites 

filamentosa (1/2). 
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1,000 feet. Though shallow water deposits, thcv are not coastal deposits 
like the Trichinopoly Stage. 

The fauna of the Ariyalur Stage resembles that of the underlying 
Trichinopoly Stage though many new fossils appear. There is therefore 
no faunal break between these two as is evident between the Uttattur and 
Trichinopoly Stages. The fauna includes reptiles, fishes, mollusca, 
echinoderms, brachiopods, corals and bryozoa, amongst which gastropods 
and lamellibranchs are the most numerous. The more important fossils are ; 


Reptiles (Dinosaurs) 


Cephalopuds 


Lamellibranchs 


Gastropods 


Echinoderms 


Corals 


Otodits cf OxyyJnua sp . Ptychodus 

Xitu/iliis boiichauluiHU'. X clt'n’cutniu'^, X. valudayu- 
rensi^. X. fnihinopolttcn^n^ ' SchoenhacJiia hlanfor- 
diayjit, h'ossniii/ict K(^ iduwuui, K paci ficum, K. 
aemilianiau, lUu >p/iinodi^riis siva, 

^v^ata, }UdJ’.uaiftS huPnnu, I\irapachy~ 
discus id^icodtu^i-^, P yyn'^sniivYei, 

Pachydiscii^ CYishna, flauaicoa^ '^ardcni, H. rembda, 
Pit70Sia vamtia 

Alectyyonia xingnlata, Phohid-miya caiiitPii, Cyprina- 
cristala, Trigoma oncnt.iUs, Tyiginj/ca gahirin i, 
Macyodon japeticum, Yoldia striaHila, Ra.hollies 
mutabilis, Inoceranius haU\c\i>. 

Puguellu-i iincaliti, RnsfeUatia palhata, Ala>ia tegu- 
lala, Cyptaca kayci, Fidgnyinia clongafa, Voluto~ 
Itthes Sfptemcostahi, Xepfimea rhowhoidahs, Cancell- 
aria hyeviplicata, Cerithium arcotense, C karasu- 
rense, TiiynteUa pondichcrriensis, T. dxspassa, 
T. [Zayia) niuUisltiala, Eitspira pagoda, Gvrodes 
pa>isn$, Helcion corntgatum, Actaeon pugihs. 

StygmatopygiK ilatns, Hemui^fo cyishdu^, Ppia^ter 
nobihs, Cidaris <ci'ptrifeta. 

Cyclolites Jilamenfosa. C couoidea, Stvlina payriila. 


Niniyur Stage. —The fossil-bearing beds overlying tlv‘ Ariyalur 
Stage are regarded as a separate stage. They are well exposed around 
Niniyur (Nanniyur) and Sendurai, north-east of Ariyalur. The rocks 
are grey, brown, ochreous and calcareous sands and shales, in which there 
are fragments of flint and chert containing algae. There arc no ammonites 
in this stage, but the presence of Nautilus (Hcrcoplossa) danicus, and 
Orhitoides minor fixes its age as Danian, The fossils found in the Nini^air 
Stage include : 

Cephalopods ... Xautilus {Hercorl^ssa) damcns. X. (H ) tamulicm 

Lamellibranchs ... Tellina arcotcti'^is. Litcina (Codakia) petcias^a, Cardita 

jaqiiinoti 
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Gastropoils ... Puitdoliva peyaa.^su, Lnspuu Inata, Sohiyium a^co- 

iensc, Lyiia toiino<^a, TitmtcUa clicita 

Corals ... Cu}\'ophvUiii avcoten^is, Stxliua purvida, TJtanniadraea 

brcvipes. 

Protozoa ... (hhifnides minoy, P jaitjasi. 

Algae ... Dissocladella savityiac, Indopoliu ‘^aiyavayiii, Acicii- 

laria dyumatsvnae, Pavachaetetes asvapatii, Archaeo- 
Uthoihamnuim sp., Oyiopovella malavuie. 

Prof. L. Rama Rao and collaborators have in recent years studied 
the fossil content of the Niniyur beds. The nodular limestone at Athan- 
kurichi (Authencoorchy) contains a rich algal flora in which Parachaetetes 
asvapatii, Archaeolithothamnium liigeoni, Dasiciaciella savitriae, Acicidaria 
dyumatsenae, Indopolia satyavanti have been identified. The flints and 
cherts in the Niniyur group are also rich in algae and foraminifera. 

Vriddhachalam Area (South Arcot) 

Beyond the \'ellar river, near Vriddhachalam, the Ariyalur beds 
emerge out of the alkn'ium and are o\’erlapped on the east by the Cucldalore 
Sandstone. They are e.xposed in a strip 15 miles long (N.N.E.—S.S.W.) 
and 3 to 5 miles wide between the two rivers Mammukta and Gadilam. 
The strata are of the same nature as around Ariyalur and have yielded 
Trigonia semiculta, Neithea guinquescostata, Pecteii verdachellensis, etc. 

Valudavur—Pondicherry Area 

Further north, around X'aludavur (10 miles \V. by N. of Pondicherry) 
and in the erstwhile French territory of Pondicherry, the upper stages of the 
Cretaceous are exposed in a strip 8 miles long (N.N.E.-S.S.W.) and 4 miles 
broad. A large part of the area is under cultivation or under water (ponds 
or tanks). Dr. FI. ^Varth, who investigated this area in 1895, distinguished 
six lithological horizons designated by letters V to F, but the investigation 
of the fossils by Dr. F. Kossmat pro\'ed that only three faunal horizons 
could be distinguished (see Table 54). 

The total thickness of the strata is about 900 feet. It was originally 
thought that the Uttattur and Ariyalur Stages were present here, but later 
work by H. Warth proved that only the Ariyalur and Niniyur Stages were 
present. 

Some limestones from the Nerinea Beds in this area have yielded 
Discocydina and Nummidiies which appear to have been mistaken for 
Orhitoides and Amphistegina by Kossmat (L. Rama Rao, Curr. Sci. 1, 

No. 5) and which prove that the strata are of Paleocene age. The presence 
of the Eocene in the Pondicherry area has also been pointed out by Furon 
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Table 54— Cretaceous of the Pondicherry Area 


Stage 

1 Beds 

' Zone Description and fossils 

Niniyur 

1 

Xerinea Beds 

I 

1 

1 

1 

F. Yellow, somewhat sandy limestones and sands with 
i calcareous nodules. The limestones contain 

fucoid casts, while the overlying^ sands contain 
Caryophyllia, large gastropods and Sautilus 
Fossils : Xau/ilus danicus, *V. tamuliciis, N ser- 
peniiniis ; Nerinea sp., Cerithiiim karasurensis ; 
Carvophvllia arcotensis, Cvclolites conoidea ; 
abundant Oyhitolites. 


1 Tri^onarca 
i Beds 

E Shell limestone occurring as nodules and blocks in 
marly and sandy strata. Cyclolites filarnentosa 
j abundant. JMany fossils common to zones D 

1 and E. 

1 Cyclohtes fihimentnsa ; Nautilus suhlaevigafus, 

1 Pscudophyllites uidra, Brahmaites brahma, Baculites 

vagina : Exogyra ostracnia, Alecivyonia ungulata, 
Pholadoniya lucerna ; C\pyaea kayei, Turritella 
hycantiana 


! 

D. Sandy shales with phospliatic nodules which often 
replace fossils. Tngonarca galdrina characte¬ 
ristic ; Alectyyonia ungulata, Exogyra ostracina ; 
Turritella breantina, Nerita divancata, RosteE 
larxa palliata, Macrodon japeticum. 

'C 

< 

Valudavur or 
Anisoceras 
Beds 

C. Loose blocks of fine grained calcareous rock in soft 
marl. Anisoceras common. Baculites vagina, 
Gaudryceras kayei, Pseudophylliies indra, Spheno^ 
discus siva, Parapachydiscus menu, P. egertoni, 
Brahmaites brahma, Anisocera indicum, A. ru- 
gatum, Pholadoniya lucerna, Pharella delicatula ; 
Rostellaria palhata, Athleta purpuriformis, Tur¬ 
ritella pondtcherriensis, T. Warthi, Trochus 
arcotensis, Bullina cretacea, Dentalium arcotinum. 

I 


B. Concretions in sandy matrix containing many of the 
fossils occurring in Zone C. 

1 


A. Whitish sands with large nodules containing only 
annelid tracks and dendritic markings. No other 
fossils. 


and Lemoine [Compt. Rend. Ac. Set. 207, 1424—1426, 1939) who discovered 
undoubted Nummnliies in bore-hole cores obtained from a depth of about 
150 metres. It is likely therefore that the Danian Beds of the Pondicherry 
area continue uninterruptedly into the Eocene. It is also likely that 
similar beds will be found below the Cuddalore Sandstones in the Cauverc' 
delta east of the Ari 3 'alur-Nini\’iir and Tanjore areas. 

Rajamahendri (Godavari District) 

In the vicinity of Rajamahendri (Rajahmundrvj at the head of the 
Godavari delta, the Upper Gondwana rocks are seen to be superposed bv 
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PLATE XXr 


CRETACEOUS AND EARLY TEEJTIARY FOSSILS 



Explanation of Plate XXI 


L Morgania fusiformis (2/3). 2. Beniaya globus (2/3). 3. I olutocorbis indica 

{213). 4. Cardita {Venencardia) beaiimonU (2/3). 5. Diphconus elegans (2/3). 6. 

Nautilus blanfordi (1/3). 7. Echinolampas gviesbachi (1/3). 8. Clypeolampas 

hellos (1/3). 9. Hcmipneustes compressus (1/3). 10. Hemuuter oldhami (1/2). IL 

Ovula expansa (1/4). 12. Inoceramus simplex (1/2). 13 Paludiiia normalis (2/3). 

14. Kadiohtes muschketofji (1/3). 15. Pugnelltis crassicostatus (1/2). 16. Nenta 

d’ archiaci (2/3). 17. AvcUana ampla (2'3). 18 Physa (Bulhiius) prinsepii (1/3). 

19. Lymnoea suhulala (2/3). 20. Natica stoddurdi (2/3). 21. Pseudohva elegans 
(2/3). 22. Centhxum stoddardi (1/2). 23. Turritella proelonga (1/3). 24. Vicarya 
Jusijormts {213). 25. Valvatia midticarmata (3/2). 

estuarine sandstones and limestones of a total thickness of 50 feet and these 
by the Deccan Traps. The limestones, which form the upper portion, contain 
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bivalves and gastropods among which Turritdla h wia' common. The 
fauna, though ncd examined m detail, is thought to ln’ related to that of 
the .\riyalur Stage. From these beds H.C. Das (lupta obtained Nautilus 
daiiicus, winch indicates Daman age. The fossil algae containetl in them 
belong to Nt’omcris, Aciculana and some Charoph\ta which, according to 
S. K. Narayana Rao and K. Sripada Rao indicate early Foceiie age. 


AS^AM 

Marine Cretaceous rocks occur in the Garo, Khasi and Jaintia Hills, 
the beds being dominantly arenaceous, with occasional shales ami carbo¬ 
naceous material. In the Garo Hills the\' rest on a gneissic jilatform and 
are composed of sandstones with some coaly layers. In the Khasi and 
Jaintia Hills the basal beds are conglomeratic, reaching a thickne.ss of up 
to 100 feet. Ihe conglomerates are snccecled I)\' the Mahadek and Langpar 
Stages. The Mahadek Sta.ge con^ivts of hard, gritty coarse glauconitic 
sandstones with a fossihlerous hon/oii near the top. The inaximiiin 
thickness is 750 feet. The succeeding Laiigiiar Stage, which is up to 300 feet 
thick, consists of impure limestones, calcareous shales and sandstones. 
Some impure limestones found in Manipur are probably of this ago. The 
best e.xposed section near Therria Ghat is shown below : 

^Sandstones and sandy shales with thin sandy 

limestone ... ... , . ... 100 

Yellow-brown impure limestone with bands of 
sandy shales ... ... ... ... 135 

Shales with thin limestone and argillaceous 
sandstone bands ... ... ... 70 

Sandy shales and sandstones ... ... 40 

Shales mainly (not exposed) ... ... 40 

Greenish sandstones . . ... ... 40 

Hard gritty massive sandstones with a thin 
fossiliferous sandstone band near top ... 650 

The Cretaceous Beds are 600 to 1,000 feet thick near the edge of the 
Assam plateau, having gentle dips on the plateau but plunging steeply 
down the southern flanks under the alluvial valley to the south. There are 
several isolated but small outcrops on the plateau ; the}' are interesting 
as indicating the large original spread of the Cretaceous rocks on the plateau 
region. 

Fossils have been obtained from the hard glauconitic sandstone band 
near Mahadek and from a locality about a mile north-east of Therria Ghat 
on the Cherrapunji read. They include the following : 

Forarainifera ... Orhitoides sp. 

Echinoconus doiivillei, Stigmatopygiis clalus, Hemiaster. 
Rhynehonella depiessa, Terebtatula carnea. 


Langpar 
Stage 
(305 ft.) 


Mahadek ) 

Stage -( 

(770 ft.) 


Echinoderms 

Brachiopods 
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Lamellibranchs 


Gastropods 


Cephalopods 


Seithea faujasi, Vola propinqua, Chlamys cf. dujar- 
dini, Ostrea {Alectryonia) arcoten^is, O. {Alecivyoma) 
angnlaia, Grvphaea vesiculans, Lima ovaia, Inoceva- 
mus sp. 

Helcion corrugatum, Nerita divaricata, 'Satica {Litnaiia) 
larteii, Titryitclla pondichevriensis, T. ymiltidriata, 
Gyrodes panstis. Campanile tiiyritelloides, Apoyyhais 
iegitlaia, Rosiellaria palliata, Cypvaea cf. globulina> 
Lyria crassicostata. 

Nautilus baluchisianen'iis, Baciilites vagina, Puzosia 
planulaUis, Stoliczkaia dispar, Anisocevas indicum. 


The Assam fauna is very closely related to that of the Trichinopoly 
Cretaceous, especially the Ariyalur Stage. According to E. Spengler, it 
is of Senonian age. Very similar fauna is found in Natal in South Africa 
and all the three apparently lived in one zoo-geographical province—the 
Indo-Pacific. As already mentioned, these faunas have only a small 
degree of resemblance to the Bagh fauna which latter is related to the 
Baluchistan-Arabian (Mediterranean) Cretaceous fauna. A fairly effective 
barrier seems to ha\'e e.\isted, which prevented the free intermingling of 
the two faunal groups, though there was connection by a circuitous route. 

The occurrence of Cretaceous rocks in other parts of Assam has not 
been definitely established. It is however probable that the lower part 
of the Disang Series is of this age. Some limestone found around .\kral 
in Manipur may possibly belong to the Cretaceous. No Cretaceous rocks 
have so far been reported from the little-explored sub-Himalayan region 
of Assam. 


BURMA 

In the vicinity of Kalaw in Southern Shan States there are soft friable 
purple sandstones, known as the ‘ Red Beds overlying the Loi-An Series. 
They contain Turrilites and Baculites which indicate an Upper-Cretaceous 
age. In Upper Burma, Cretaceous rocks are known to exist in the Jade 
Mines tract, in the region of the first defile of the Irrawaddy between Sinbo 
and Bhamo, and in the second defile in the Bhamo district. The rocks 
are mostly limestones and calcareous shales containing Orbitolina and other 
foraminifera and molluscan shells. 

ABAKAN YOMA BELT 

A wide belt of Cretaceous and Eocene rocks stretches from Assam- 
Burma border west of the upper reaches of the Chindwin river, along the 
mountainous tracts of the Arakan Yoma down to Cape Negrais. Our 
knowledge of this belt is fragmentary, since much of the area is covered 
by mountains and forests difficult of access. 
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In the Sandoway district of the Arakan coast there are some argilla¬ 
ceous limestones of creamy colour near Mai-i, from which Schloenbachia 
inflata, a Cenomanian fossil, has been obtained. In the Ramri island near 
the coast of this region an ammonite identified as Acanthoceras daviesi 
was found, which, according to G de P. Cotter (Rec. 66 p. 225, 1932) 
belongs to the Acanthoceras coleroonensis group which is characteristic of the 
Uttattur Stage of Trichinopoly Cretaceous. 

The foothills of the Arakan Yoma in the Thayetmyo district have 
yielded Cardita heaunionti, Orbitoides and some lamellibranchs. The rocks 
of the Yomas in Arakan are known to contain Placenticeras and Mortoniceras. 

The Xegrais Series, consisting of grey sandstones, shales and lime¬ 
stones, occurring on the flanks of the Yoma north of the Cape Negrais, and 
extending to the Prome District, is considered to be of Cretaceous age. 
It is intruded by pcridotites and serpentines. 

The Upper Axial Group contains Cardita beanmonti and other lamelli¬ 
branchs and gastropods and is therefore of Cretaceous age in part. 

IGNEOUS ROCKS IN THE CRETACEOUS 

Reference has already been made to the presence, in parts of India, 
of igneous rocks in close association with Cretaceous formations. They 
comprise acid, basic and ultrabasic types both in the intrusive and extrusive 
phases. They occur in the northern zones of the Himalaya, in Kashmir, 
Baluchistan, Burma and in the Peninsula, the last being the Deccan Trap 
which is dealt with in the next chapter. 

C’olcanic breccias and lavas of basaltic and andesitic composition are 
intimately associated with the ' exotic bloks ’ of Johar, Bhalchdhura and 
their neighbourhood in Kumaon. They are considered to be of late Creta¬ 
ceous or early Eocene age. In the Burzil-Dras region of Kashmir marine 
Cretaceous limestones are seen in association w'ith basic lava flows, ash- 
beds and agglomerates, and also with intrusive hornblende-granite porphyry, 
gabbro and serpentinised ultrabasics. The volcanics have a bedded character 
and are intercalated with the Cretaceous Orbitolina-heAx'mg limestones and 
shales which have undergone folding. They are occupying a large area in the 
Burzil valley and have a thickness amounting to a few thousand feet. 

The sediments and volcanics have been invaded by bosses and veins 
of hornblende-granite and serpentine which are therefore younger than the 
volcanic rocks. The hornblende-granite of this region, which appears to 
be identical with similar granite in other parts of the Himalaya, is therefore 
of post-Cretaceous, probably of Eocene age. 
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A short (iLstcUlcc to the west of the fohleil lAiities foiniiii” the 
Baliichistan frontiei, is a belt of l)asic <uid iiltraha^ic rocks of ('retaceous 
and Xummtditic ages which proliably fonned an island arc in front of the 
advancing Indian shield. .According to Ciookshaiik i.(,oiuh^ luui >yiiiposiin?i. 
p. 178, International Geological Congre.ss, Algiers, 1952) igneous activity 
commenced during the deposition of Beleiiinite Shales of early ( retaceous 
age. The earliest manifestations were \ ioleiit eruptions producing agglo¬ 
merates which are intercalated with red and green shales. These are 
followed by pillow laeas with shale intercalations in the I’arh Limestone 
(Barremian to Aptian). Later basic and ultra-basic rocks were also in¬ 
truded into these. Then followed more pillow' lawas associated with the 
Nummulitics. As the agglomerates contain rolled pebbles, they arc thought 
to have been derived from volcanic islands. 

This igneous belt can be traced northward from Cape 3Ionze. lirst 
proceeding N.N.W. to W'ad, and thence slightly east of north to near Quetta 
and then through Hindu Bagh to Fort Sandeman and ^^'ana to west of 
Bannu. This zone lies along the border of the Calcareous and Flysch 
zones of Baluchistan and contains the chromite deposits of the Quetta- 
Zhob region. The intrusi\'e phase may be correlated with the earliest 
phase of Himalayan movement. .-Vll the rocks of this zone have been 
involved in the subsequent folding and thrusting. 

Late Cretaceous or early Eocene igneous activity" is known in the 
Arakan-Andaman belt. The rocks are intrusive into the .\xials or early 
Eocene beds and comprise peridotites and serpentines which contain chromite 
in places. Gabbros, serpentines and enstatite-peridotites cover large areas 
in the Andaman and Nicobar islands where they are associated with 
radiolarian cherts. This zone continues into the Nias-Mentawei ridge and 
the southern border of Sumatra and Ja\'a which lie on the same tectonic 
belt. At the northern end of Burma, in fhe Kamaing sub-division of 
M 3 itkyina district, there occur numerous outcrops of serpentinised peri¬ 
dotites, dunites, p}TO.\enites and amphibolites amidst crj'stalline schists. 
Thej’ contain masses of chromite and jadeite, the latter being commercially* 
exploited. The deposits of jadeite occur at Tawmaw, Meinmaw, Pangmaw* 
and other places. 

EARTH MOVEMEXIS IN THE ( RETACEOUS 

Evidence is accumulating now to show that the Cretaceous period 
witnessed the initiation of the important phy’siographic changes which 
became accentuated iluring the Tertiary. The southern arm of the 
Tethys i.e., the portion which occupied the Baluchistan arc continuing 
through the Mekran into the Oman region of .Arabia, experienced the 
earliest phase of mountain building. From the work of G. M. Lees and 
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his associates in Arabia, the Oman mountains are known to have been 
formed during Pre-Gosaii times (Upper Cretaceous). It is also known 
now that the igneous belt of eastern Baluchistan occurring along the border 
of the Calcareous zone and the Khojak flysch zone was formed during the 
Cretaceous as basic lavas are interbedded with Lower as well as Upper 
Cretaceous rocks while ultrabasic plutonic rocks are intrusi\-e into the 
Upper Cretaceous in this region. In the Himalayan region the Lower 
Flysch (Giumal Sandstones) indicate a considerable shallowing of the 
Tethys in Lower Cretaceous times. There is a gap between the Lower 
Flysch and the Tapper Flysch, which probably implies a period of distur¬ 
bance. The Upper Flysch in northern Kumaon contains much radiolerian 
chert indicating the local deepening of the sea due to compression of the 
strata. The Upper Flysch was intrufled by ultrabasic and basic rocks 
part of which are contemporaneous with them and part somewhat later. 
In the Burmese arc, there were earth movements of Upper Cretaceous 
or Laramie age which brought into being a central riilge intruded by 
peridotites and serpentines. This ridge separated the Burmese region 
into a Burma Gulf and Assam Gulf, the deposits in the two areas showing 
noticeable differences from the early Tertiary onwards. 

On the other hand, the Indian Ocean region shows evidences of marked 
marine transgression in the Albian and Cenomanian. Upper Cretaceous 
strata, containing practically identical fauna extending from the Albian 
upwards and probably continuing into Eocene, are found on the Madras 
coast, on the southern part of the Assam plateau, in West Australia and 
in East Africa. This indicates that the waters which were withdrawn 
from the Tethyan region flooded the southern Mediterranean and the 
Indian Ocean coasts. There seems to have been a barrier between the 
Narmada Valley and the main area of the Indian Ocean, as evidenced by 
the differences in the fauna of the Bagh Beds and the Trichinopolj' and 
Assam Cretaceous, and this barrier may have been formed by the westerly 
extension of the Deccan Trap. Towards the end of the Cretaceous, however, 
there seems to have been a free intermingling of the fauna which charac¬ 
terised the Mediterranean and the Indian Oceans. 

In the tipper Cretaceous, while there were compressive movements 
throughout the whole of the Tethyan region, tension fractures developed 
in the Peninsula of India resulting in the outpouring of the Deccan Traps. 

In other parts of Gondwanaland, however, major fracturing seems to 
have already taken place in the Jurassic with the eruption of the great 
floods of Stormberg lavas and their equivalents in South .4fnca and South 
America. 
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CHAPTER XV 


THE DECCAN TRAPS 

General 

The close of the Mesozoic era was marked by the outpouring of enor¬ 
mous la\'a flows which spread over vast areas of Western, Central and 
Southern India. They issued through long narrow fissures or cracks in the 
earth’s crust, from a large magma basin and are therefore called fissure 
eruptions. The lavas spread out far and wide as nearly horizontal sheets, 
the earliest flows filling up the irregularities of the existing topography. 
They appear to have been erupted sub-aerially, as there are no er'idences of 
subaqueous deposition. At a few places, e.g., Girnar hill, Ranpur, Dhank, 
Chogat-Chamardi, a few crater-hke exposures in Gujarat and near Bombay, 
the eruptions were of the ‘ Central ’ type showing differentiated rocks of 
varying characters. Because of their tendency to form flat-topped plateau- 
hke features and their dominantly basaltic composition, such lavas are 
called plateau basalts. The flows are called traps bacause of the step-like 
or terraced appearance of their outcrops, the term being of Scandinavian 
origin. 


DISTRIBUTION AND EXTENT 

The area now occupied by the Deccan Traps is about 200,000 square 
miles, including Bombay, Kathiawar, Kutch, Madhya Pradesh, Central 
India and parts of the Deccan. They are found as far as Belgaum in the 
south, Rajahmundry* in the south-east, Amarkantak, Sirguja and Jashpur 
in the east and Kutch in the north-west. Rocks of the same age and charac¬ 
ters found in Sind are also considered to belong to them. The present 
distribution shows that the traps may have occupied some of the areas 
intervening between the main mass and the outlying patches, and that the 
original extent may well have been over half a milhon square miles, including 
the segment of unknown extent which has foundered in the Arabian sea to 
the west of Bombay. The Deccan Traps are thus the most e.xtensive 
geological formation of Peninsular India at present, with the exception 
of the metamorphic and igneous cotnple.x of .\rchaean age. 

The Traps have been divided into three groups,—Upper, Middle and 
Lower, with the Infra-trappean beds or Lametas at their base. 

* Rajamahendri, a contraction of Raiamahendravaram, is the correct spelling, 
which has however been mutilated to the present Rajahmundrv. The former spelling 
will be found in Oldham’s Manual. 
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T'pper traps 

(1,500 ft thick! 
^Middle traps 

(4.000 ft ) 


l.owt-r traps 
/SOO It.) 


Bombay and Kathiawar; uith numcruus Inter- 
trappean beds an(! iaters of vok'anu ash 
Central India and Afalua ; witli numf'icMis ash-beds 
in the upper portion and practuall} de\oid of Inter- 
tiappeans. 

Madhya I’radesh and eastern areas , Inter-trappc an 
l*eds, !miI lare ash-btds 

STRrnrkAL vexivre ^ 


The trap c.mntry is characterised hv fiat-tii|)])ei! hills ami slrp-like 
terraces. 'I'liis toporjrajdiy is a nsult of tiu' \ ariation in har.lness of the 
liiileiee.t tlows and 111 pa'ts of the tlows. the har 1 portions forinniy' the tops 
of the terraces and plateaim.. In the amyydular tious the to|i m usually 
highly eesii ular, the nmldlr fairlv comi'act and tin' bottom showiny celiinl- 
rical pipes lilleil with secondaiw minerals , while m tlu' ordinarv flows the 
top is tine-yrained ami the lower jioition coarser with sonietiines a concent¬ 
ration of basic niiner.ils like p\ ro,\ene and oln ine. \CsiaiLir and non- 
vesicular flows may alternate with each other, or the flows ina\ be separated 
lyv thin beds of wolcanic ash or scoriae and by lacustrine sediments known 
as Inter-trappean beds. 

Ash beds are particularly well seen in the upper part of the traps, for 
instance around P) 0 inba_v, Poona and in the Western Chats. 'I'hey usually 
re\'eal a brecciated structure, fra.i^inents of the trap beiiiy found in a inatri.x 
of dust\’ or fme-fjrained material. Coluninar jointing in the traps may 
be seen in a few places, for instance in the Salsette Island near Bombay, 
near floshangabad and in some places in Malwa. 

The traps attain their ma.ximum thickness near the Bonibav coast 
where they are estimated to he well o\ er 7.000 feet thick, The\- are very 
much less thick further east ; at Aniarkantak and in Sirguja the\' arc about 
500 feet thick, while near Bel.gauni south of Bombay tliev are oiii\- .drout 
200 feet. The bauxite and laterite occurrence of Lohardaga m tlie Ranchi 
district, Bihar, is the lateritised remnant of the Deccan Trap winch must 
originally have extended there. 

In the boring at Lakhra in Sind by the Burmah Oil Co., a basalt flow 
47 ft. thick was encountered below the Lower Ranikot bed at a depth of 
2,478 feet. This was followed below by 150 ft. of sandstones aiul shales , 
250 ft. of basalt : IOC ft. of shale of Cardita hcaiDtionti horizon : 90 ft. of 
basalt ; and sediments with traces of basalt for a further 250 ft. .V boring 
near Tatta (24'45' : 67'54') met with Deccan Traps at a depth of about 
1,667 feet and went through a thickness of 474 feet, consisting of 1) flows. 
Nearly a sixth of this thickness was Inter-trappean sediments. The Deccan 
Trap has not been encountered in the borings at Sukkiir and Khairjiur and 
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it is probable that it did not extend so far out. (Crookshank : Gondwana 
Symposium. Int. Geol. Conoress, 1952, p. 177). 

A boring at Dhandhuka in Ahmadabad district penetrated a thickness 
of 1,522 feet of Trap ; at Jamnagar the thickness was more than 1,020 feet 
and at Khambalia more than 700 feet ; while in the Girnar area Fedden 
estimated the thickness at about 3,500 ft. 

The individual flows vary in thickness, from a few feet to as much 
as 120 feet. A borehole at Bhusawal, 1,217 feet deep, revealed 29 flows, 
the average thickness being 40 feet. In the Chhindwara district of the 
Madhya Pradesh, 15 flows have been identified with an av'erage thickness 
of 70 ft. In the Sausar tahsil of the same district, the average for 7 flows 
has been found to be about 55 feet. 

The flows have a great superficial extent in comparison with their 
thickness. Individual flows have been traced for distances of 60 miles 
and more, as for example between Chhindwara and Nagpur. This extra¬ 
ordinary spread is explained by Fermor (1935) as due to a high degree of 
super-heat in the erupted mass which is believed to have been derived from 
the basaltic or eclogitic shell of the earth, the heat being due probably to 
exothermic mineral transformations. 

The lavas are generall}’ horizontal in disposition. Near the Bombay 
•coast as well as north of Bombay they dip towards the sea at an angle of 
about 10°. In Rajpipla, dips varying from 5° to 20° are known ; in Betul 
in Madhya Pradesh, 5-10° ; and in the western part of the Narmada Valley 
10°-15°. Gentle warping has also been noted in parts of Madhya Pradesh 
e.g., in the Satpura region. The traps have also been faulted as in the 
Sausar tract in Chhindwara and at the southern foot of the Gawilgarh hills 
in Berar. 


DYKES AND SILLS 

Sills of the Deccan Trap are noted in the Satpura area of Madhya 
Pradesh particularly in the Upper Gondwana formations, and also in the 
Gondwana basin of Rewa in Vindhya Pradesh. A few sills are also found 
penetrating the Jurassic strata in Kutch. They are composed of fairly 
coarse-grained dolerite which is occasionally porphyritic. 

Dykes are veiy numerous in the Traps but they are not evenly distri¬ 
buted, some areas being devoid of them and others closely crowded with 
them. In Saurashtra they show a more or less radial disposition around 
Amreli and Jasdan and also around the plutonic mass of Gimar and Chogat- 
Chamardi. Dykes are very common in Eastern Saurashtra, in Gujarat, 
in the Narmada Valley, in the Satpura region of Madhya Pradesh and also 
in Western Hyderabad. 
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The dyke system in Gujarat has a general E.N.E.-W.S.W. direction 
but a subsidiary W.N.W.-E.S.E. trend is also noticed. The dyke system 
in Gujarat and in the Narmada Valley follows a general E.N.E.-W.S.W. 
trend. The dyke system in Western Bombay has a major N.-S. trend and 
a less prominent N.W.-S.E. trend. A triangular pattern of dykes is seen 
in the Lake Tansa-Asangaon area. As pointed out by Blanford and Auden, 
the major direction favoured by the dykes appears to be conditioned by 
the direction of folding and fracture to which the Deccan Traps have been 
•subjected. It is known that the Narmada Valley has suffered dislocation 
along a E.N.E.-W.S.W. direction, continuing into Saurashtra. The 
Bombay coastal region shows a monochnal fle.xure (Pan\’el flexure) which 
follows a N.-S. direction upto Kalyan, to the north of which it follows a 
N.N.W.-S.S.E. direction ; the western limb of this is bent down at a low 
angle. 

The dykes vary considerably m their dimensions. They may be from 
a few feet to as much as 200 feet thick (e.g.. Khokri dyke near Gondal and 
some dykes in the Satpura mountain region). Many of them are sev'eral 
hundred yards long, while a few have been traced o%'er a length of 20 to 30 
miles. 


PETROLOGICAL CHARACTERS 

The Deccan Traps belong to the type called plateau basalt by H. S. 
Washington. They are extra-ordinarily uniform in composition over much 
the greater part of the area and correspond to dolerite or basalt, with an 
average specific gravity of 2.9. The minimum value of specific gravity, 
in acid lavas, is 2.58 while the maximum found in ultrabasic types is 3.03. 
They are generally dark-grey to dark-greenish grey, but brownish to purp¬ 
lish tints are also met with. The more acidic types found near Bombay 
and Salsette have a buff to creamy colour. The non-vesicular types are 
hard, tough, compact and medium to fine-grained, breaking with a con- 
choidal fracture. The ^•esicular types are comparatively soft and break 
more easily. 

Tachylite or basalt-glass is distinctly rare and may be found only as 
a thin selvage where the hot lava encountered a cold surface and suddenly 
became chilled thereby. In parts of Bombay, Kathiawar and Kutch, how¬ 
ever, the traps are associated with acid, intermediate and ultrabasic rock 
types derived through differentiation of the original magma. 

In the Gimar and Osham hills of Junagarh (Kathiawar) there are, 
besides the usual dolerite and basalt, lamprophyre, limburgite, monchi- 
quite, olivine-gabbro, porphyrite, andesite, monzonite, nepheline-syenite, 
granophyre, rhyolite, obsidian and pitchstone, which have been studied 
and described by M. S. Krishnan. 
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K. K. Matliur and others who niapji.'d the ('iirn.t'' hills h,i\'e expressed 
opinion that the bas.iitic flows of this area were ilonied up by later intrusix'es 
representing the result of diflereiitiation throu.^li pioe’ressie o crystailis.ition. 
The domed up portion of the flows lias been eroded avra\' in tlu- centis- 
exposing an intrusi\'e mass of diorite-mon/omte below'. ! his is surrounded 
bv olu'ine gabbro and a mass of granophyre intriisne into basalt. The 
monzonite contains intrusions of nepheline-syeiiite associated with lani])- 
rophyre. The Chaniardi-Cohgat mass is roughly of the same dimensions 
as Girnar and shows some differentiated types. The Barda hills are made 
up of granojihyre. 

In the Gir J'orest of Kathiawar, there oe'cur some dykes of olivine- 
dolerite and masses of granophyre and rlu'ohte. The coastal region of 
Bombay has been shown to contain a large cariety of types—rhyolite, 
granophyre, trachyte, andesite, ankaramite and oceanite, the acid 
tj-pes being considered to belong to a late phase of igneous activity. From 
the Pavagad hill in Gujarat, Fermor has described pumice, pitchstone, 
rhvolite, felsite, quartz-andesite, etc. The rhyolite which caps this hill is 
considered by Fermor and Heron to be a flow and not a plug-like intrusion 
as advocated by .Matluir and Dubey. (Rcc. 68. ]i. 17. 1934). Acid rocks 
also occur in the Xarniada Talley and in Porbandar. 

In parts of Kathiawar where borings hat'C been put down through 
the traps, very basic tj-pes like limburgite and ankaramite are found inter- 
bedded with normal dolerites and basalts. Investigation of some of the 
phenocrysts in the very basic types, by W. 1). West, has revealed that they 
correspond in composition to that of the rocks in which they occur, leading 
to the view that the phenocrysts are not duo to crystal settling but are 
essential parts of the lavas which had already been differentiated at the time 
of intrusion. 

The ultra-basic types seem to be more or less restricted to the western 
edge of the trap country in Bombay, Gujarat and Kathiawar as dykes and 
siUs, while the acid types are found mainly along two zones, one running 
from Pavagad hill to Bombay and the other from the Narmada Valley to 
Porbandar State in Kathiawar. 

The Barda, Dhank, Osham and Girnar hills lie on a line which appears 
to strike into the region of the Narmada dislocation, while the Par'agad and 
Chamardi-Chogat line is parallel to and north of it. It would, therefore, 
appear that the loci of the central eruption type are located on important 
fault zones in Western India. 

It is of interest to note here that the traps at Worli Hill, Bombay 
Island, are associated with bituminous matter, whose presence in cavities 
is explained by Dr. C. S. Fox as due to the distillation of the organic matter 
present in the associated sedimentary beds, bv the heat of the traps. 
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PETROGRAPHY 

The common type of trap is composed of abundant labradorite of the 
composition Ab^ Ang, and enstatite-augite (pigeonite), the two forming 
the bulk of the rock. The enstatite-augite is always abundant in the 
holocrystalline types, its amount decreasing with increase in the content 
of interstitial glass. It is usually greenish or brownish grey in colour in 
hand-specimens but practically colourless in thin section. In composition 
it approximates to a mixture of equal amounts of diopside and hypersthene, 
thus differing considerably from common augite. The most important 
character of this mineral is its small optic angle, 2V measuring up to 30’. 

Ophitic texture is common, the labradorite laths lying in a mass of 
more or less anhcdral enstatite-augite. The labradorite is almost always 
the earlier mineral to crystallise, though contemporaneous crystallisation 
of the two inav have taken place to some extent. 

The rocks often show phenocrysts of feldspar in the dolentic types and 
interstitial glassy matter in the liasaltic types. The proportion of the 
glassy matter varies a good deal. The glass is often highly corroded and 
contains abundant dust-like inclusions which are presumably magnetite. 
The glass is liable to alteration into palagonite, chlorophaeite, celadonite 
and delessite. Since the amount of augite and magnetite bear an inverse 
ratio to that of the glass in thin section, it is obvious that these two minerals 
are together represented in the glass. 

Magnetite is (juite a common, though a rather minor, constituent. 
It occurs usually as discrete grains amidst the other minerals and as grains, 
dust and skeletal growths in the glassy groundmass. Some ilmenite and 
leucoxene are generally always present in the rocks and this is confirmed by 
the appreciable amount of titanium shown by the analyses, though some 
titanium may be present in the augite also. 

In some varieties a fair amount of olivine is present but biotite and 
hornblende are generally absent from normal types. Quartz is rare or 
absent, but there is generally an e.xcess of silica in the C.I.P.W. norm. 
Sodic plagioclase and orthoclase are absent, but interstitial granophyric or 
micrographic patches are sometimes seen. 

Investigation b\' Fermor of the flows encountered in a boring at Hhusa- 
wal showed that olivine, and to some extent labradorite, had settled down 
to the bottom of the flows, apparently through gravitative settling. In the 
Satpura region of Jabalpur-Chhindwara, thick sills often show the pheno¬ 
menon of crystal settling, the lower portions being coarse and holocrystalline 
and the upper portions finely crystalline and containing (juartz and micro¬ 
pegmatite. A dyke in this region, which is over 8 miles long, consists of 
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prophynte containing oligodase, cnstatite-aiigitc, hornblende, quartz and 
micro-pegmatite. There are, however, other areas where there is no 
evidence of crystal settling even in thick flows, as mentioned on a previous 
page. 

Secondarv minerals are often developed in the traps, either as fillings 
in the amygdular cavities or as products of alteration and replacement. 

The minerals of late hydrothermal acitivity are the zeolites—stilbite„ 
apophyllite, heulandite, laumontite, analcite and prehnite ; also calcite, 
chalcedony and its varieties (agate, jasper, carnelian, chrysoprase, helio¬ 
trope, ony.N, etc.), opal and sometimes quartz and amethyst crystals in 
drusy cavities. These minerals are generally found in amygdular cavities 

Table 55—Che.mical Co.mposition of the Deccan Traps 


-All traps 


Lower traps 


Upper traps 


Mean 11 
anal. 
(H.S W ) 


Mean 4 
anal. 


(H.S.W.) 


Mean 4 
anal. 

Linga traps. 
(L.L.F.j 


IVIean 3 
anal. 

(H.S.W.l 


SiO, 

50.61 

49.51 

49,28 

51.69 

TiO. 

1.91 

2 34 

3.23 

0.63 

AhOs 

1.3.58 

13.05 

11.69 

14.72 

FejOj 

3.19 

! 3.06 

3.04 

2.83 

FeO 

9.92 

10.39 

11.56 

10.87 

MnO 

0.16 

1 0.22 

0.23 

0.11 

MgO 

5.46 

5.71 

> 4.96 

! 4.18 

CaO 

9.45 

10 18 

10.49 

8,20 

Na,0 

2.60 

2.25 

2.51 

3.25 

KjO 

0.72 

0.51 

0 68 

j 0,93 

H,oq- 

1.70 

1.99 

1.50 

2.01 

Hjo— 

0.43 

0.32 

0,83 

0.58 

p^o,. 

0.39 

i 0.37 

0.31 

0.42 

Total 

100.12 

' 99.90 

100.31 

100.42 

Sp.gr. 

— 

2.96 

2.97 

1 2.91 


Norms 


Quartz 


4.14 

4.68 

3.60 

2.40 

Orthoclase 


4.45 

2.78 

3.89 

5.56 

Albite 


22.01 

18 86 

20.96 

27.25 

Anorthite 


23 07 

24.19 

18.90 

22 80 

Diopside 


17.41 

19.70 

26.28 

12.84 

Hypersthene 


17.78 

17.65 

13.20 

20.57 

Olivine 


— 

— 

_ 


Magnetite 


4,64 

4.41 

4.41 

4.18 

Ilmenite 


3.65 

4.41 

6.08 

1.22 

Apatite 


1.01 

0.93 

0 62 

0,93 
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which mav be lined with chlorophaeite and delessite. Amongst the zeolites, 
radiating and sheaf-hke aggregates of stilbite are the most common, though 
prismatic crystals also occur. Xe.xt m importance are apophyllite, heulan- 
dite, laiimontite and scolecite, excellent crystals of which are not infre- 
quentlv found. The alteration products are chlorophaeite, palagonite, 
delessite, celadonite, iddingsite and serpentine, the last two formed from 
olivine. Several of these are collectively spoken of as “ green earth,” 
which is sometimes used as a pigment material. 

CHE.MICAL CHAR.\CTh:RS 

.\s might be expected from the uniformity in mineralogical composition, 
the chemical composition of the traps also tends to be uniform. Table 55 
gives an idea of the average chemical composition of the traps. 

The plateau basalts (of the hssiire eruption type) when compared with 
the normal cone basalts (central eruption type! show a higher iron and 
titanium content, the iron being dominantly in the ferrous state. Magnesia 
and the alkalies are lower. This finds mineralogical expression in the 
presence, in plateau basalts, of enstatite-augite instead of the diopsidic 
augite of cone basalts. 

The study of the trap flows (Lower Traps) of Linga, Madhya Pradesh, 
by Fermor reveals the fact that, though the analyses are extraordinarily 
similar, there is, in the normative values, a small but distinct progressive 
change from below upwards— i.c., decrease in quartz, total iron, total water 
and an increase in alkali feldspars, total feldspars and pyroxenes. The same 
features are also discernible in Washington’s analyses as grouped by Fermor 
into Lower traps and L’pper traps. 

Taking all the types found in and associated with the Deccan Traps, 
the silica percentage varies from 43 to 73 per cent. The rocks fall into 
groups ; basic and ultra-basic types with 45 to 51 per cent, silica ; inter¬ 
mediate types with 52 to 61 percent, silica ; and acid types with over 61 
per cent, silica. In the under-saturated types, olivine and nepheline appear 
in the norm. .\s the silica increases, it gives rise to more pyroxene at first 
and then more feldspars. In the over-saturated types the pyroxene is 
subordinate, the feldspars become dominant and silica appears as free 
molecules. 

.4 study of the available chemical analyses, many of which are not of 
a high order, show that the traps are dominantly of the calc-alkaline type 
while the alkaline group is present only in Saurashtra. The original 
magma was of the nature of picrite or olivine-eucrite, the main trend of 
differentiation being that of the calc-alkaline clan. 
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ALTEKATIOX AND WEATHERING Ol-' THE TRAlES 

The traps weather with characteristic spheroidal ex-foliation which 
gives rise to large rounded boulders on the outcrops. The weathering starts 
along the well-developed joints, first rounding off the angles and corners 
and then producing thin concentric shells or la\'ers which become soft and 
fall off gradually. The interiors of the spheroidal masses are however, 
quite fresh. 

The traps give rise to either a deeji brown to rich red soil or to regiir 
(black cotton soil) which can be seen in many parts of the Deccan. The 
regur is rich in plant nutrients such as lime, magnesia, iron and alkalies, 
on which cotton and certain of the ‘ dry ’ crops flourish. It has the property 
of swelling greatly and becoming \'ery sticky when wetted by rain ; on 
drying it contracts again with the production of numerous cracks, .\nother 
product of weathering is laterite, a material from which silica, alkalies and 
alkaline earths have been leached away, leaidng behind alumina, iron, 
manganese and titanium. It has a vermicular or pisolitic structure and 
contains much water. Some laterites which are highly aluminous, form 
deposits of bauxite. Laterite plateaux cappin,g the traps are present in 
Bombay and .Madhya Pradesh, some of these containing good deposits of 
high grade bauxite. 


THE LAMETA BEDS 

The Lameta Beds, named after the Lameta Ghat near Jabalpur in 
Madhya Pradesh, are fluviatile or estuarine beds occurring below the traps 
at about the same horizon or slightly above that of the Bagh Beds of the 
Narmada Valle\'. They are found to rest on various older formations such 
as the .\rchaeans, the Llpper Gondwanas or the Bagh Beds. 

They are fairl}- extensively developed though not found e\'erywhere 
underneath the traps. They usually occur as a narrow fringe around the 
trap country, particularly in Madhya Pradesh {c.g.. around Nagpur and 
Jabalpur), and along the Godavari \'alley up to Bhopal and Indore, and 
in the western part of the Narmada \'alley. The chief rock types found in 
them are limestone, with subordinate sandstones and clays. The limestones 
are generally arenaceous and gritty, though occasionally pure, but a cherty 
type containing lumps of chert and jasper may be said to be characteristic. 
Earthy greenish sandstones are common, while clays which are usually 
sandy and red or green in colour are also found. The Lameta Beds vary in 
thickness from 20 to 100 feet, the individual Beds frequently varying in 
character when followed horizontally. 

In the tj'pe area at Lameta Ghat the following section can be made out, 
though all the members are not present in the same individual section. 
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1 Sandstone similar io No 1, containing bands of flint or thin limestone. Tlic 
sandstone mav occasionallv be composed of grains of glaSsV quarts n ith a wliite powdery 
cementing medium. 

3. Pale green or purplish mudstone, often finely laminated, sometimes arenaceous 
or calcareous. 

2. Limestone or indurated mar] often earthv and drab to bluish m colour Has a 
tiifaceoiis appearance because of vein-like cavities \eliich may be filled Milh chalcedony 
or calcium carbonate by infiltratioi,, this marly limestone being tlie characteristic 
member. 

1. Greenish, poorly compacted, .sandstone, sometimes hard and clicrty. These 
are brownish near Jabalpur. 

Occasionally, the rocks underlying the Deccan Traps are found to be 
calcified bv solutions descending down from the traps, the original rocks 
belli,g Archaean gneisses and schists. The occurrence of fragmentary 
fossil remains in the true Lainet.is helps us to distinguish them from the 
calcified rocks. 

The Larnetas only rareix contain good determinalile fossils, though 
small fragmentary fossils are common. They include mollusca, fishes and 
dinosaurian reptiles. 

Mollusca ... Melania, P/iysa (Bulltntis), Paludina and Corbicula. 

Pushes ... Lepidosteus, Eoserranus, Pycnodus. 

Llmosaurs ... Antarclosaurus septentrionalis, Tilanosanru$ indicus, Inda- 
saarus inaileyt, I.ameta^aurns inJtcits, Jttbbiilpona te'niiis, 
Liiplata^aurns nuida^ascaricn'ns. 


The Dinosaurian remains have been found mainly at Jabalpur and 
at Pisdura 8 miles north of Warora in Madhya Pradesh. Coprolites are 
also found in these places. Physa (Bullinns) prinsepii is associated with 
these reptilian remains at Pisdura, while the other mollusca have been 
found in a bed at the base of the traps at Nagpur and Ellichpur. According 
to Von Huene, the age indicated by the Dinosaurs found at Jabalpur and 
Pisdura, which are allied to forms recorded from Madagascar, Brazil and 
Patagonia, is Turonian. 


INFRA TRAPPPJAN BEDS 

Allied to the Larnetas are the beds occurring below the traps in the 
Rajahmundry area, called the tntra-trappeans. They occur only on the 
right bank of the Godav'ari river. At Dudukuru. a few miles N.W. of 
Rajahmundry, they are composed of yellowish, whitish and greenish sand¬ 
stones overlying the Upper Gondwanas. They are about 50 feet thick, 
the upper portion being calcareous and containing a fossiliferous limestone, 

1 to 2 feet in thickness, at the top. The fauna is undoubtedly marine and 
comprises a nautilus, several lamellibranchs ami gastropods, the latter 
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including a TurriteUa which seems to be identical with T. dispassa of the 
Ariyalur Stage of the Trichinopoly Cretaceous. 

There seems to be a slight unconformity between the Infra-trappeans 
and the basal basalt flow since the former appear to ha\'e been partially 
denuded before the traps were erupted. The Infra-trappeans do not contain, 
so far as known at present, fossils Identical with any in the Bagh Beds or 
the Trichinopolv Cretaceous e.xcept the Tiiyritella mentioned above. There 
is, moreover, an absence of anv characteristic genera. Oldham states that, 
on the whole, the Infra-trappeans have perhaps more affinity with the Creta¬ 
ceous than with the Tertiary. H. C. Das Gupta claimed to have found 
Cardita [Venericardia) heaumonti from the Dudkur (Dudukuru) Beds, which 
also supports this view. 

During the considerable intervals of time which elapsed between 
successive eruptions of lava, there came into e.xistence some rivers and 
fresh water lakes in the depressions and in places where there was obstruc¬ 
tion to drainage. The fluviatile and lacustrine deposits formed in them 
are intercalated with the lava flows, and are of small horizontal e.xtent and 
generally 2 to 10 feet thick, though occasionally only 6 inches thick. They 
contain, in several places, animal and plant remains which should prove 
to be valuable in the determination of the age of these beds and incidentally 
of the associated traps. They comprise cherts, impure limestones and 
pyroclastic materials, and have been recorded from the Godavari, Chhind- 
wara, Nagpur and Jabalpur districts and parts of Bombay. 

The traps of the Rajahmundry area appear on either bank of the 
Godavari river, with a length of some 35 miles in an E.N.E.—W.S.W. 
direction, and a thickness varying from 100 to 200 feet. Exposures are 
found at Kateru on the Rajahmundry side of the river, resting on Archaean 
rocks, and on the other side (right bank) near Pangadi and Dudukuru, 
resting often on the Upper Gondwanas. The traps are overlain by the 
Rajahmundry Sandstones (Cuddalore Sandstones) all the formations havdng 
a general gentle dip towards the south or south-east. 

The lower flow of trap is about 50 feet thick. It is overlain by a 
fossiliferous bed which is 12 to 14 feet thick near Kateru and only 2 to 4 
feet thick near Pangadi, The fossiliferous Inter-trappean Bed is e.xposed 
for about half a mile near Kateru and for over 10 miles on the other side 
of the river. The fauna is unmistakably estuarine and comprises Cerithium, 
Potamides, Pirenella, Cytherea, etc., some of the characteristic species being 
Corbicula tngens, Cerithium stoddardi, C. leithi, Cvtherea meretrix, Physa 
(Bidlinus) pnnsepii, Paludina normalis and Lvmnaea subulata. There are 
no corals, cephalopods or echinoderms to indicate any marine affinities. 
The fauna is said to hav'e more affinity with the Ariyalurs of the South 
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Indian Cretaceous than with the Eocene, though no cases of identical fossil 
species have yet been established. 

Fossil algae found in these beds have been studied by S. R. Narayana 
Rao and K. Sripada Rao. They state that some of these, tike Neomeris and 
Acicularia, and the Charophyta are Tertiary in age and that the associated 
traps are therefore early Eocene in age. 

The Inter-trappean Beds of Bombay are high up in the Upper Traps, 
e.xcellent sections of which can be seen on the Malabar hill and Worli 
hill at Bombay. Here they are about 100 feet thick and consist of 
brown, grey or dark shales the last being carbonaceous and showing 
plant impressions and remains of frogs with occasional pockets of bitumen 
and coaly material. They contain also the fresh water tortoise Hydraspis 
(Plalemys) leithi, the frog Rana pusilhi (= Imiohatrachus pnsillus) and three 
species of Cyprides (Crustacea) the common one being Cypn's suhmarginata. 

The Inter-trappeans and Infra-trappeans occur also m some parts of 
the Madhya Pradesh ; in Chhindwara they have yielded plant remains, 
among which are palms with distinct Eocene affinities. In Berar and the 
Narmada Valley, the beds are found 300 to 500 feet abo\-e the base of the 
traps and contain plant and animal fossils in some places. 

.4GE OF THE DECCAN TRAPS 

In the previous sections are stated the facts which should enable us 
to gain an idea of the age of the Inter-trappeans and of the associated traps. 
At Dudukuru in West Godavari district, the traps are underlain by the 
Infra-trappeans containing gastropods, lamellibranchs and a nautilus. 
The fossils, though not identical with any found in the Trichinopoly Cre¬ 
taceous beds, seem to indicate some general affinities with them. Recent 
work here has revealed the presence of several algae including Holosporella, 
Dissodadella, Neomeris, Torqiiemella, and Acicularia, the last of which has 
not been recorded from any beds older than the Paleocene. Several fora- 
minifera have also been recorded— Triloculina, Nodosaria, Textularia, 
Spheroidinella, Nonion, Globotruncana. 

In the Narmada \’alley the traps are underlain by the Bagh Beds of 
Upper Cretaceous age, possibly in part equivalent to the Lametas. 
Between the traps and the Bagh Beds there is a slight but distinct uncon¬ 
formity. 

In Surat and Broach there is said to be a distinct erosional unconformity 
between the top of the traps and the Nummulitic strata, for the basal 
Eocene contains materials derived from the denudation of the traps. In 
Kutch the traps overlie unconformablj' the Jurassic and Lower Cretaceous 
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be<ls and an- fiwrlain by the Xummiilitics (kamkotj. Here also there seems 
to be an unconformit\' between tlie traps and the Xuninnilitics though 
this is not ^•ery clear. 

In bind, the Bor hill near Ranikot shows a bed of calcareous, gritty to 
conglomeratic, sandstone overlying tlie Ilippuritic limestone (Upper 
Cretaccousl, in which occurs .in inter-stratitied bed of basalt 40 feet thick, 
some 350 to 400 feet above the base of the sandstone. This sandstone is 
overlain by Olive Shales and Sandstones, the latter containing some \'olcanic 
ash or decomposed fragments of basalt. Cardita (Venericardia) bcaumonti 
occurs in several horizons in the Olive Shale, but especially abundantly in a 
bed 200 and 250 feet below the top of the series. In addition to some 
corals, echinoids and gastropods, yantilus btinchardianits, (which occurs in 
the Ariyalur Beds of the Trichinopoix’ district), is also to be found here. 
The faunal assemblage indicates an age in the uppermost Cretaceous. 

The Cardita heaumonti Bed is overlain by another bed or flow of basalt, 
the thickness of strata separating this and the tower flow being about 600 
feet. The upper one is much more e.xtensive than the lower and has been 
traced for 22 miles from Ranikot to Jakhmari, at the base of the Ranikot 
beds. This ujiper flow (lung on the Cardita heamnonti Bed) has a thickness 
varying from 40 to 90 feet, but is itself composed of two individual flows 
each of which is vesicular at the top. There is no doubt, according to 
R. D. Oldham, that the basalt is a flow and not an intrusive (.Manual, Second 
Edition, p, 289), and it is conformable both to the underlying Cardita heau- 
nionti Beds and the o\-erlying Ranikot Beds. Though separated by a good 
distance from the main Deccan Trap area, these trap beds in Sind are 
considered to belong to the Dcccan Traps. 

In a boring put down in 1948 by the Burmah Oil Companv at Lakhra, 
about 25 miles north-west of Hyderabad, Sind, the Cardita heamnonti bed 
Mas encountered at a depth of 2,925 ft. Deccan Traps overlie as M’ell as 
underlie this bed nhich is 100 ft. thick. Traces of traps were encountered 
also in the sediments beloM' thedoM'er trap horizon. This indicates that the 
eruptions began in the Macstrichtian or even earlier. 

Recent work on the Iiiter-trappean fossils, especially by B. Sahni and 
collaborators, lends support to a LoMer Eocene age for the beds from M’hich 
the fossils were obtained. The chief points in the evidence are : There is a 
large proportion of palms {Pahnoxylon predominating) amongst the angios- 
permous flora ; the palms are said to be much more abundant here than 
in any Cretaceous flora so far studied. The genus Azolla found in these 
beds has not been recorded from anv beds earlier in age than the Tertiary. 
JStipaditcs, a characteristic Eocene genus, occurs in the Inter-trappeans. 
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Smith Woodward’s work on the fish remains from the Lametas has 
shown that perhaps they are more allied to Eocene than to C rctaceoiis forms. 
S. L. Hora who studied the fossil fishes found at Takli, Paharsingha and 
other places in the Madhya Pradesh, has identified Lcpidostcus indicus, 
Pycnodus lametae, Eoserranus hislopi. Nandiis, Pristolcpis, Sclcropagcs and 
some percoid fishes. Scales of Muspcria and species of Cliipca have also 
been recov'ered from Infra-trappean beds. These ha\T’ led him to favour 
a Lower Eocene age for the lavas associated with the Inter-trappeans. 

The fact still remains that much of the stratigraphical field « ork on the 
traps and the associated sediinentaries is old, and it is \ery desirable to 
rcstudy them and make fresh fossil collections. The evidence of age. as it 
stood in the early nineties of the last century, has been admirably summed 
up by K. I). Oldham in the second edition of the Manual of the Oeology of 
India (pp. 280-281, 289). The base of the tnqis lies, in winous places, on 
the Bagh Beds (('enonianiau to Senoiiiaii), the Lamt'tas (roughly Turonian 
according to \’on Huene and .Mutely) and the Infra-trappeans or Cardita 
heaunwnti Beds (Danian). In the Lakhra borings mentioned abo\'e, the 
traps occur both above and below the Cardita Beaumonti Beds. It is 
therefore reasonable to conclude, as Oldham did in the Manual, that the 
traps commenced to be poured out in the Uppermost Cretaceous and that 
they continued through the gap of time marked in Europe by the unconfor- 
mitj’ between the Mesozoic and the Tertiary, which in North America is 
represented by the Laramie formation, and perhaps well into the Eocene. 
How far into Eocene the activity continued is not known. 

Recent work on Inter-trappean fossils would seem to place a part of 
the traps in the Eocene, This is reasonable since the traps ha\’e a \-ery 
large thickness (perhaps 7,000 to 10,000 feet in Western India) and some of 
the products of the latest phases of the activity found in Bombay and 
Saurashtra arc distinct!}' later than the main mass. This however lea\'es 
the question of the age of the base of the traps practically where it was. 

It is necessary to know b}’ field work where exactlv the lowest tr.ips exist 
and whether they may not be of different ages in different places— c.g., in 
Madhya Pradesh and in Rajamahendri. It has already been mentioned 
that the Lower Traps occur in Madras and Madhva Pradesh and the Middle 
and L'pper Traps progressively westwanl. There is also an opinion current, 
supported by Dr. C. S. Eox, that the Rajmahal trap^ and the liasic dvkes 
in the coalfields of Bengal and Bihar (which are petrographicalh' practically 
identical with the Deccan Traps and are considered to be of Oolite age) 
represent an early manifestation of the Deccan Trap activity. 

Some work has been done on the radio-active characters of the Deccan 
Traps by V. S. Dubey and R. N. Sukheswala. The work of the latter seems 
to show that the traps range in age from L'pper Cretaceous to perhaps as 
late as Oligocene. There is a great scope for extending this work syste- 
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matically in order to help in the problems of the age. Though there are 
still some uncertainties attached to the deductions from radio-active work, 
it gives supporting evidence which is valuable for the solution of this 
problem. 

Summing up, it may be stated that the e\-idence which has been 
gathered and put forward in recent years only shows that a good part of 
the traps may have been erupted in early Eocene. Though some of the 
genera of plants occurring in the Inter-trappeans are identical with those 
in the Eocene of other parts of the world, there are apparently no identical 
species. Such being the case, there is no reason why a flora allied to the 
Eocene of Europe should not have flourished in India in the uppermost 
Cretaceous and Laramie times. .\t any rate, the evidence of marine animal 
fossils in Sind is clear that the earliest traps are of Upper Cretaceous age. 
If, in future, borings are put down in the Narmada \'alley for coal or oil, 
we may hope to gather further useful evidence as to how far down in the 
Upper Cretaceous the Deccan Traps extend. 

ECONOMIC GEOLOGY 

Being dense, hard and durable, the Deccan Traps are used fairly exten¬ 
sively as building stones in the areas in which they occur in large masses. 
But, being dark in colour, they are not used to the extent to which their 
durability will entitle them. The light buff and cream-coloured trachytic 
rocks found in the Salsette Island and the neighbourhood of Bombay are 
generally more preferred than the dark traps. The commemoration hall 
called the ‘ Gateway of India at the Bombay harbour, is constructed of 
such trachytic rock obtained from Kharodi and Malad near Bombay. This 
rock, however, frequently contains some calcite and pyrite which are liable 
to produce unsightly brown stains and vieakness, on weathering. 

As road metal, the Deccan Traps are excellent for macadam and tarred 
roads and are among the best stones obtainable in India. They are hard, 
tough, wear-resisting and have good binding properties. They are also 
excellent for use as aggregates in cement concrete. 

The Deccan Traps of Western India are a great store-house of quartz, 
amethyst, agate, carnelian, onyx and other varieties of chalcedony which 
are used as semi-precious .stones. These are made into trinkets, beads, 
ring stones and ornamental objects. There is a small agate-cutting industry 
at Ratnagiri, Rajpipla and Cambay, the necessary raw stone being collected 
from streams and from the derbis on weathered outcrops. The supply for 
Cambay used to come from a Tertiary Conglomerate, the pebbles of which 
were deriv ed from the traps. 

The traps are often capped by ferruginous and aluminous laterite. 
The latter is in several places— e.g., Kolhapur, Belgaum, Katni, Jabalpur, 
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Mantlla, Surguja—rich enough in alumina to he high gra'le bauxite. Indian 
bauxite has been used in petroleum tiltration, and a beginning has been 
made in utilising it for the manufacture of alumina an 1 aluminium since 
about 1945. It is however generally rich in titania, as much as 10 per cent, 
or more of this constituent being present. The ferruginous laterite forms 
a good building stone and has also been used formerlv for iron smelting in 
indigenous furnaces. There seem to be possibilities also for smelting the 
ferruginous laterite and obtaining pig iron and cement b\' a suitable process. 

The black soil or regur formed over the Deccan Trap is a rich .soil parti- 
■cularlv suitable for raising cotton. It is similar to the Russian Chernozem, 
but is bv no means confined to the trap areas, for we find it on gneisses, 
chariiockites, Cretaceous sediments, etc., m South India. This would 
suggest that it IS not only the chemical composition of the parent rock but 
also climatic f.ictors that play <in import lut part in tlneir formation. 
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CHAPTER X\[ 


THE TERTIARY GROUP 

General. —The last great group of geological formations was formed 
during the Tertiary or Kainozoic (Cenozoic) era, when great earth move¬ 
ments were felt in manv parts of the globe and the Alpine-Himalayan 
mountain systems were born. P)ecause of the comparative proximity of 
this era to the present time, the geological records are much more complete 
and more easily decipherable than those of earlier eras. 

The break-up of Gondwanaland. —As we have seen, there are 
evidences of the existence of a great southern continent during the Mesozoic 
era. This continent broke up into its integral parts sometime in the upper 
part of the Mesozoic, probably during the Cretaceous, and began to drift 
apart. The disintegration may have been facilitated by the great outflow 
of lavas, such as the Stromberg lavas of South Africa, the Serra Geral 
volcanics of .^nuth .\merica and the Dtccan Traps of India during the Upper 
Jurassic and Cretacious periods. It is also likely that considerable parts 
of the earth’s crust which formed the marginal areas of the southern conti¬ 
nents broke off and sank beneath the oceans. 

Faunal and Floral changes. —Great earth movements took place 
during the Upper Cretaceous as well as at various times during the Tertiary. 
The changes at the end of the Mesozoic era profoundly affected the animal 
and vegetable life of the time. The giant reptiles which were the masters 
of the land as well as the ammonites which were present in great profusion 
in the seas practically all became extinct at the dawn of the new era. 

The physiographic and environmental changes which took place at 
this time were apparently too drastic for the previous fauna and flora to 
adapt themselves to. New groups of animals and plants therefore took 
the place of those which perished. Among the animals the mammals 
became very prominent and multiplied in great t’ariety. Amongst the 
plants, the Pteridosperms and Cycads which were very abundant during 
the Mesozoic rapidly lost their importance and gave place to the flowering 
plants which became the dominant group during the Tertiary. 

The Rise of the Himalayas. —The great Mediterranean ocean, the 
Tethys, was first shallowed in the Upper Cretaceous as a result of the tangen¬ 
tial compression to which the crust was subjected. The mountain building 
activity continued intermittently throughout the Tertiary and brought into 
being the great equatorial mountain systems which include the Atlas, 
the Pyrenees, the Alps, the Caucasus, the Himalayas and the Malay Arc. 
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The rise of the Himalayas took place m a series of five or more stup¬ 
endous movements punctuated by intervals of comparative quiescence. 
The first movement took place during the Middle to Upper Cretaceous 
when the Tethys was furrowed into a series of ridges and basins running 
longitudinally. It is likely that in some places ‘ island arcs ' were formed 
though it would be difficult now to identify them, particularly in the 
Himalayan region. Simultaneously with this, certain portions of the Tethys 
became deeper and Radiolarian cherts were formed at great depths, while 
in the shallow areas flysch-like sediments were deposited c.g,, the Giiimal 
and Chikkim Senes. This movement was also responsible for the separa¬ 
tion of the northern e.vtremity of the Bay of Bengal into two gulfs, one 
evtendmg into Ujiper Burma and the other into Upper .\ssam. Similarly 
also a ridge appeared m the north-west, which separated the Sind Gulf 
from the Baluchistan Ciulf. 

Then followed a jieriod of comp.iratu'e re.st after which another 
upheaval took place during the Upper Eocene after the deposition of 
the Kirthar beds. After this the Nari, Gaj and Murree strata were laid 
down which were marine in the .south and brackish water in the north. The 
third mo\'ement, which was probably the most powerful of all, took place 
during the Middle Miocene times. It was probably during this time that 
the Himalayas acquired their major features and the Tethys disappeared 
more or less completely, being replaced by mountain ranges with inter¬ 
vening shallow marshes and large river valleys. .\t the same time a long 
narrow trough seems to have been formed between the rising Himalayas 
and the Peninsular mass. In the trough, which is often referred to as the 
foredeep. were ileposited sediments from both sides and especially from the 
newly risen mountain ranges on the north. These sediments constitute 
the Siwalik .‘system of the Himalayan foot-hills and their counterparts in 
Sind and Burma which are called respectively the Manchhar and Irrawaddy 
formations. These are largely of fresh water origin, but e\-cn though their 
thickness is large, they are shallow-water formations. 

At the eml of .Siwalik sedim.mtation. i.c.. towards the dose of the 
Pliocene, a fourth upheaval took place. This heralde 1 the incoming of the 
Pleistocene Ice Age which coutribjtc 1 to the \-irtud extinction of the 
spectacularly rich mammalian fauna of th.- Siwalik times, though a sniill 
part of the fauna managed to migrate to other areas where they surt'ive l. 
The final phase of Himalayan movements took place in early Pleistocene 
when the Pir Panjal was raised upto its present height an.l pa.ssibly also 
some other ranges in the Lesser Himalayas ; for we find I’leistocene 
deposits on the flanks of the Pir Panjal elevated to a height of several 
thousand feet above the level of th? lakes in w'hich they were originally 
deposited. Before this movement, man had already appeared on the globe 
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and must have w itnessed the final phases of the rise of the Himalayas. 
Minor adjustments have been taking place since then and some of the faults 
in the Himalayan region cannot yet be considered to ha\ e completely died 
down. 

Fluviatile and marine facies. —The Tertiary rocks have an early 
marine facies and a later flrn'iatile facies, not only m the Himala\'as but 
also in the Burmese and Baluchistan arcs. The original marine basins of 
deposition were filled up and shallowed and later became estuarine and 
deltaic. In the north-western Himalava, for instance, the Eocene was 
marine, the succeeding Jlurree sediments estuarine while the Siwaliks were 
distinctly fluviatile fresh-water) in nature. 

Distribution. —The Extra-Peninsular region shows a great develop¬ 
ment of Tertiary rocks continuously from the Mekran coast of Baluchistan, 
through the mountainous frontier tracts of Sind and N.W.F.P., to Kashmir 
and thence along the Himalayan foot-hills to the Brahmaputra gorge 
in the e.xtreme north-east of .Assam. They are probablt' continuous, 
underneath the Brahmaputra alluvium, with the broad Tertiary belt of 
Eastern .Assam and .Arakan. This is separated from the Burmese Tertiary 
belt by a zone of Cretaceous (and older) rocks forming the central parts 
of the .Arakan Yoma. In Peninsular India, Tertiary rocks are developed 
in comparatively small areas in Kutch, Gujarat and Travancore on the 
western coast and in several places along the eastern coast up to Orissa 
and e\'en Wjest Bengal. 

To enable the reader to form a comprehensi\'e idea of the Tertiary 
succession in the different areas, a summarised account is first presented 
before proceeding with the detailed descriptions in later chapters. 

Sind and Baluchistan 

This region may be considered the type area of the Tertiaries, not only 
because of the excellent development of the various divisions, but also 
because it was one of the earliest areas to be studied in detail. It is divided 
into two regions by the mountain ridges which form the boundary between 
Sind and Baluchistan Provinces. In the Punjab-Sind region, as one 
proceeds from south to north, the strata change their marine character to 
brackish water ami fresh water. The Lower Eocene and Oligocene are 
largely marine, while the Lower Miocene shows two facies and the succeeding 
Manchhar Series (the equivalent of the Siwalik) is almost entirely of fresh¬ 
water origin. 

In Baluchistan, howet er, all the formations are marine. This region 
consists of three parallel provinces or zones adjoining each other ; the 
eastern or Calcareous zone shows mainly calcareous and argillaceous sedi- 
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ments of Mesozoic and Eocene ages followed hv Upper Tertiary sediments 
of brackish water to fresh water origin. To the west of the calcareous 
zone is the Khojak-Mekran zone composed mainly of flysch-like sediments 
laid down in a marine basin, typified by the Khojak shales forming the 
Khwaja Amran and northern Mekran ranges. The argillaceous sediments 
are overlain successively by higher Tertiary strata in a southerly and south¬ 
westerly direction. To the west of the Khojak zone is the north-western 
Chagai zone in which are found Cretaceous and Tertiary sediments with 
interbedded lavas as well as intrusives. In this zone he the volcanoes like 
Koh-i-Sultan and Koh-i-Taftan which have been acti\'e in recent geological 
times. 

Table 56— Tertiary Suucessio.v i.x Sind and Baluchistan 


Upper Alancliliar 
(5,00e ft.) 

Lower J'lanchhar 

(3,000-5,000 ft ) 
Upper Uaj 
(500 to 1,000 ft.) 
Lower Gaj 
(500-1,000 It.) 

Upper Xari 
(4,000 6,000 ft) 
Lower Xari 


.NuKUtDii!’- I cin,yli)iniTati > and da\s Pliocene 

Conjilonierate.s and sandstones witli mam- Upper to Middle 
malian fossils .Mit'cene 

I Red and green sliales, occasionally'] ; 

’ gypseous I 

I.imestones and shales with marine fos- )- Lower Miocene 
sils (represented h> fiiiviatile Bueti 
; beds in Bahichi.stan) J 

Thick iinfossihferous sandstones and ' Up Ohgocene 
shale.s ' 

Fossihferoiis nianne limestones Lr, Ohgocene 


Kirthar 

(5,000-9,000 ft.) - 


I 


Laki (500-2,500 ft.) 


f Upper—(Spintangi limestone) mas- 
I sice limestones, poorly developed 
j in Sind 
1 .Middle—Limestone 

I Lower—Shales and sandstones, 

1 practically absent from Sind 


f Ghazij shales 
Diinghan hme- 
stone 

Meting shales and 
limestones 


1 Shales 
I stones 
j .seams 
j times 


and lime- 
with coal 
and some- 
oil seepages. 





Middle Eocene 


Middle to Lower 
Eocene 


Upper Ranikot Buff to brown Xummulitic limestone Lover Eocene 

(800 ft.) I and shales 

Lower Ranikot (Ivpseoiis .shales and sandstones with I I’aleocene 

(1,000-1,500 ft.) lignite and coal 


Cardila beaumonti Beds 


Daman to 

.Maestnehtian 


The calcareous zone includes the hill tracts of the Sind-Baluchistan 
border composed largely of limestone and the o\erlymg sandstone-clay 
beds of the Baluchistan foothills, the boundary” of this Province with the 
ne.xt adjoining one running about 15 miles to the west of Quetta. The 
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oldest rocks exposed in this area are the Productus Limestones wliich crop 
out as small inliers amongst Triassic shales at the hoiindarc' of the Quetta 
and Zhob districts. The Triassic rocks arc succeeded by a great thickness 
of calcareous Jurassic sediments which are crell seen in the Chiltan and 
Takatu mountains. These are followed by calcareous anil argillaceous 
rocks of Cretaceous age, which are intercalated with pyrocListics and c’olcanic 
flows. Slight sub-aerial weathering of the rocks at the end of the iXIesozoic 
is indicated by the presence of a thin layer of laterite on them, ilarine 
conditions were re-established during the Eocene when the Dnnghan Lime¬ 
stones were deposited. The younger Eocene strata, of partly of shallow 
water or estuarine origin, contain some coal-bearing rocks as also some 
gypsum bearing (Spintangi) beds. The Sulaiman range Mas formed in late 
Eocene times. The post-Eocene deposits, represented by the Gaj and 
Manchhar beds, are of fluviatile origin in the north but of marine character 
in the south in Lower Sind. 

In the Khojak zone which lies to the west of the calcareous zone, the 
sequence is mainly argillaceous and composed of thick olir e green slaty 
shales and sandstones with thin limestone layers. The beds are sharply 
folded and thrust o\'er those to the east. Some fossils have been found 
in the Khojak Pass north of Quetta in these rocks, indicating their Oligocene 
age. On the western side these are faulted against igneous and meta- 
morphic rocks to the south of Chaman and west of the Khwaja Amran range. 
The Khojak shales continue north-eastwards towards I'ort Sandemen and 
probably into western Waziristan and the adjoining part of Afghanistan. 
Continued to the south, they are found in the Mokraii ranges where they 
are overlain by Jliddle and Upper Tertiary siltv clays and sandstones 
which are of marine origin. 

In the north-western or ( hagai zone there are igneous and metamorphic 
rocks which continue southwards to Nushki and then turn south-westwards. 
The sedimentary sequence here consists of Hippuritic limestones. Eocene 
limestones and shales and Upper Tertiar\' sandstones, clays, and conglome¬ 
rates. These contain some interbedded Tertiary volcanics also. This 
zone is considered to be part of the Iranian median mass. 


The Salt Range 

The Punjab Salt Range shows a fine development of Tertiary rocks. 
1 he top of the scarp over the greater part of the range is formed of Eocene 
limestone, mainly of Laki age, while the Ranikot Series is seen as a shaly 
facies in the eastern part. The limestones are intercalated with marls 
and are overlain, with a pronounced unconformity, by the Murree Series 
of Lower Miocene age, and this in turn by rocks of the Siwalik System. 
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Table 57— ^Tertiaries of the Salt Range 


Siwalik System 


I Conglomerates, grits, sandstones and shales ' Pliocene to Upper 
f t Miocene 


Miirree senes 
(2,000 ft ) 


Laki 


Raiiikot 


Pseudo-conglomerates, 
purple shale 


sandstones 


and i J.ower Miocene 


shalej>. 


hme- 


f B/uidrar lu’ds (100-300 ft 
stones and marls. 

j Sa^iesar /iuiesfo!>tf (200-500 ft.) 

■<( Scarp limestone 

j Xiimmai liwesloue and s h a U'< 

I (100-200 ft ) limestones, -shales and 
thin marls 

f Pufitht ’i/zah's* (100-250 It t Shales 
with thin limestones and sand¬ 
stone's and a c«;al seam at tin* 
base 

h'ftuii itJ ,td hui- <'■>!/' i50-500 It i 

Nummulitic linv.stones and (.ak^.reous 

shales 

Dhak ]\tss /'cd- (20-100 It.l Sandstones 

L and shales and liaernatiiic beds. 


Middle to Lo^\e^ 
ICocene 


Power Iiocene 


* Part ot the Patala shales is of Laki age 


The Potwar Plateau 

The northern slopes of the Salt Range merge into the Potwar plateau 
which forms the type area of the Siwalik formations. The Siwaliks are 
divided into several stages on lithological and faunal characters since they 
enclose a rich mammalian fauna. The succession is shown in the accom¬ 
panying table (Table 58). 

T.vble 58— Tektiaries of the Potwar Region 



f 

f Boulder con - 

C'l^nglomerates, sandstone-s 

Lr Fdeistocene 


Upper 
(6,000 ft ) 

fjlonu’rate 

1 I’injor .stajre 

and cla\ s 
('oarse sandstone'' 

Up Pliocene 


1 

1 ^Iifldle 

(^Tutrot .stage 

r Uhok J'athan 

Sandstones 

Sandston s am! 'ihalt"' 

I.r Pliocene 

75 

(6,000 ft ) 

i stage, 

L Xagri stage 

Sand'>tt)n'‘s am! sh.dt 

t'p Miocene 

Lower 

f Chinji stage 

f\ciido-con^Iomerati‘s. red 

Mid Miocene 


(5,000 ft) 

^ Kamliai stage 

L 

shales and grey sandstones. 
*^seudo-ronglomerates, gp'v 
sandstones and shales 

Mid Miocene 

Murree 


Sandstones and purple 

Lr. Miocene 

Senes 


shales 
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Outer Himalaya of Jammu and the Punjab 

Tertiary rocks are developed all alon;^ the Himalaya, the Siwahk strata 
forming a practically constant zone of outer hills. Older Tertiary rocks 
are also known in the Western Himalaya, u-herc they are best developed 
in Jammu and the neighhourhooel. Table 59 shows the sequence here . 


Taiile 59—Tertiarip:s of thp: Jammu State 



r 

Upper (6,000 ft ) 




Siwaliks 

<! 

Middle (6,000 ft.) 





L 

Lower (5.000 ft.) 





r 

Upper (t.OOO ft ) 




Murrees 

-i 

, I.ower (5,000 ft ) 

1 Basal—Fatehianj^ zone 





I of ossiferous conglomerates. 






. . 



Chharat stage 


Nummulitic shales, limestones 

and 

t.^pper to 

Middle 



marls. 


ICocene 


Hill Limestone 


Massive Nummulitic hmestonevS 

with 1 

Middle to 

Lower 

(1,500 ft.) 


coaly layers. 


ICocene 



In the foot-hill region of the Simla-Garhwal Himalaya, the Eocene is 
represented by the Subathu beds consisting of grey to red shales, often 
gypseous, and some limestones. The Lower and Upper Murrees are repre¬ 
sented by the Dagshai and Kasauli beds respectively which are brackish 
or lagoonal deposits having a total thickness of 7,000 or 8,000 feet. The 
Tertiary rocks of the Eastern Himalayas have been visited by geologists 
only in a few places and our knowledge of them is meagre, 

Assam 

Eastern and south-eastern Assam show e.xcellent development of 
Tertiary rocks but there is a good deal of variation in the succession in 
different areas. In Tapper Assam the Disang Series represents part of the 
Upper Cretaceous and the Lower and Middle Eocene. The Jaintia Series 
of Southern Assam is of Middle Eocene age mainly. The succeeding Barail 
Series is of L'pper Eocene and Oligocene age and contains coal seams and 
petroliferous beds. There is a wide-spread unconformity in the Oligocene 
between the Barails and the Surma Series. A minor unconformity is known 
between the Tipam Series and the Dupi Tila Series, while the latter is 
generally separated from the Dihings by another unconformity in the 
Pliocene. 

The Tipams are Mio-Pliocene, while the Dihings are mainly Pliocene, 
probably extending into the Pleistocene and resembling the Upper Siwaliks 
in general. The general succession in Assam is shown in Table 60. 
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Table 60— Tertiary Succession in Assam 


Age 


Central and Lower Assam 


Upper Assam 


Plio- Diliing Series—Pebble-bols, ^ands and clays Dihnic; Senes 

Pleistocene (10,000 ft or more) 

-Unccnlormity-- 


Mio- 

Pliocene 


Miocene to 
Upper 
Oligocene 


Oligocene 


Eocene 


Ditpi Tila Senes —Sands and clays 
(about 10,000 feet) 


Na)yisa7ig Stage 
(=\umRongKhu) 


7'ipam 
Scries 
(I.UOOO ft ) 

Sui ma 
Senes 
i20 000 It.) 


I Barail 
I Senes 
(19,000 ft.) 


Jaintia 
Scries 
{4,000 ft.) 


Unconformity 


Gitujtiu Clav —Mottled 
I clay sand sandstones 
Tipain Sandstones —Fen ugi - 
j nous samlstones and snb- 
) ordinate clays 
*) Uoka TJiI Static —Sandy sliales 
I and sandstones 
^ Ghnhjn s/r/cc- -Sandstones 
J coiB^lomeratcs. shales 


(htiijiin Clav 
Tipant Sandstone 


Suyyna 

Sey’es 

(reduced) 


laiconformily 


I Renji Stage —Hard, massive Tikak Parbat 
sandstone Stage 

Jenani Stage —Sandstones andj Bayagoloi Stage 
Carbonaceous shales ! 

1 Laisong Sandstones Naogong Stage 

J and subordinate shales 


'] Fopili Stage —Mostly 
y carbonaceous shales 
{ Sylhet Stage —Nummulitic 
J limestone 


Disang 

Series. 

(10,000 ft.) 


-Unconformity 

I 

Upper Cretaceous 


j Sylhet Traps C? Jurassic) , 

_ I ___ ' __ __ 

There is a considerable difference in the lithology of the different 
systems developed in Upper Assam and in the Surma \'alley and Khasi 
and Jaintia hills. Owing to paucity of fossils and their being of little use 
for precise age determination when jiresent, the geologists of the Assam 
Oil Company ha\'e used parallelism in lithology and especially sedimentary 
petrology (heavy mineral residues) extensively for purposes of correlation. 
For most of our knowledge of the Assam Tertiaries we are indebted to the 
excellent w'ork carried out by that organisation. 

Burma 

The succession in Burma resembles that of Assam in some measure. 
Eocene beds are developed in the mountainous legion of the Arakan Yoma, 
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closely following the ( retaceous rocks. The Oligocene anil Lowii Miocene 
are represented bj- the Pegu Senes, corresponding to the iMurrees and to the 
Nari and Gaj beds of north-western India. Thi' beds abin e these constitute 
the Irrawaddy System corresponding to the Siuahk System. 

A marine facies is observed in the greater part of the succession in the 
south, but when the same beds are followed northward, they show estuarine 
and fresh-water facies. This is due to the fact that a Tertiar\- gulf existed 
in the region between the Arakan T'orna on the west and the Shan plateau 
on the east. This gulf was gradually tilled up, the waters receding south¬ 
ward as deposition proceeded. 

Table 61—Tertiary Slccessicin in Kekma 


Irrawaddy System Flin iatile deposits with mamma- ' Pliocene to Upper 

(5,000 ft.) lian fossils and fossil wood. Miocene 

----Unconformity- 


Upper Pegu Series 


Lower Pegu Senes 


F.ocene System 


f Ubogon sands and clays (3,OOC ft.) Vindobonian 
■( Kyaukkok sandstone (5,000 ft) Biirdigalian 
l^l'iautnie clai'S (3,000ft.) -Aqiiitanian 


- - --1'alaeontolo.gical break — 


fl iklimintaiin,£; sandstone (3,000 ft,) Cliattian 
! Padaiing i,la>s (2,500 ft ) Stampian 

; Shwezetaw sandstones (2,000— ; Lattorfian 
t 4.000 ft ) 


rVaw shales (2,000 ft ) 

I Pondanng sand.stone (6,000 ft.) 

J Tabyin cla\s (5.000 ft.) 

Tilm sandstone (4.000 ft.) 

! r.aiingshe shales (10,000 ft.) 
I^Paunggyi conglomerate (3,000 ft.) 


Bartonian-Ludian 
[ .\iiversian 
Upper Lutetian 
Lower Lutetian 
Ypresian 
Londinian 


Eastern Coast of India 

Associated and continuous with the Cretaceous of the Pondicherry 
area, there are rocks which have recently yielded Eocene foraniiniferd, but 
the extent of these rocks is not known. 

Overlying these iinconformably there are Miocene rocks called the 
Cnddalore Sandstones. They extend from Madura in the south to Pondi¬ 
cherry in the north. The Rajainahcndri Sandstones in the Godavari district 
and the Baripada beds of Mayurbhanj State in Orissa are also of about the 
same age as the Cnddalore Sandstones. 

Travancore and Konkan 

Possiliferous Miocene beds are found near Quilon and A’arkala in 
Travancore, overlain by current-bedded sands and variegated shales with 
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lignitic matter (Warkalli beds). They resemble the Cuddalore Sandstone 
and are covered by a thickness of laterite. Similar beds also occur near 
Ratnagiri in Southern Bombay. Beds younger than these and of Pliocene 
age have been met with in borings through the Cau\'erv alhi\-ium at Karaikal 
in the Tanjorc district. 

Western India and Rajasthan 

Gujarat. —Small inliers of Eocene age occur in the coastal region of 
Surat and Broach amidst the allin ium. They are overlain by thick deposits 
of gravel and ferruginous sanilstonc containing pebbles of agate and Deccan 
Trap. These arc of Gaj age. The low-lying tract east of Kathia\\'ar is 
composed of Pleistocene deposits. 

Kathiawar. —Small outcrops on the western and eastern coasts of 
Kathiawar, consisting of clays, samlstones ami conglomerates, belong to 
the Tertiary System. In the Pirain isl.ind lying off the eastern coast of 
Kathiawar they contain mammalian remains of iMiddle Siwalik age. .\t the 
western e.xtrcmity of Kathiawar are the Dwarka beds, composed of yellow, 
gypseous clays below, and foraminiferal sandy limestones above. Below 
them are the Gaj beds. A sub-Recent foraminiferal limestone, called the 
Porbander stone, also occurs in this area. 

Kutch. —In Kutch there are well-developed Tertiary strata including 
the Laki, Kirthar, Gaj and Manchhar. These attain greater e.xtent and 
thickness than in Kathiawar and Gujerat. 

Manciihar beds ... Conglomerates, sands and clavs Pliocene 

(500 ft.) 

Gaj beds (1,200 ft.) ... Shales, marls and sandstones ... Burdigalian 

Kirthar (700 ft.) ... Xummulitic limestones . . Upper to Middle 

Eocene 

Laki (200 ft.) . . Shales, often bituminous and pyri- Middle Eocene 

tous 

Deccan Traps ... Lavas 

Rajasthan. —In Bikaner and Jaisahner there are Eocene strata con¬ 
sisting of Nummulitic limestones associated with beds containing lignite 
and fuller’s earth. The Palana lignite field of Bikaner is situated in these 
rocks. The rocks are underlain by Cretaceous and Jurassic strata. 

This short summary of the Tertiary group will now be followed by 
more detailed and systematic descriptions of the different systems which 
form its constituent parts. The inter-relationship of the strata of the 
different areas will be apparent from Table 62 which gives at a glance the 
correlation of the Tertiary rocks. 
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CHAPTER XMI 


THE EOCENE SYSTEM 

General. —The end of the Oetaceous period was marked, by a wide¬ 
spread marine regression whicli was, to a large extent, responsible for the 
destruction of the specialised groups of animals like the ammonites and the 
coralloid lamellibranchs—the RinhsfiU'. This change was similar to that 
at the close of the Palaeozoic era when the Gmiiahtes and specialised brachio- 
pods disappeared from the scene of life. The changes which happened on 
the surface of the land were similarly responsible for the sudden end of 
many of the Mesozoic reptiles. 

This marine regression accounts for the stratigraphical gap, with erosion 
unconformity, which separates the Cretaceous from the Tertiary formations 
in many parts of the world. In India the Eocene begins with the Ranikot 
stage (Lower Eocene) which is developed in Sind and further north. The 
o^'erh’ing Laki and Kirthar Stages (Middle to Upper Eocene) are developed 
much more e.xtensively in north-western India. The Uppermost part of 
the Eocene coincided with the second Himalayan upheaval, so that it is 
unrepresented by deposits in many parts of the Tertiary belt. The Eocene 
underwent some uplift and disturbance before the deposition of the Ohgo- 
cene began. 

Distribution. —The Eocene comprises three facies—deep sea, coastal 
and fluviatile. The first is well-developed in Western Sind and adjoining 
parts of Baluchistan, parts of the X.-W. Frontier Province. Hazara, Kashmir 
and presumabR along the northern zone of the Himalaya up to the meridian 
of Lhasa ; and also in the Arakan Yomas on the borders of Burma. The 
coastal facies is developed in south Kashmir, and the sub-Himalaya from 
Jammu to near Naini Tal ; in Gujarat, Kutch, Kajputana and to the south 
of the Shillong Plateau. The freshwater facies is seen in Upper Burma 
and in north-western Punjab. 

SIXU AXU BALUCHISTAN 

The Kirthar, Laki, Suleiman and other ranges of the Sind-Baluchistan 
border show an excellent development of Eocene rocks. The upper part 
of the Kirthar range exposes upper Eocene rocks which are appropriately 
named after the range. The eastern flanks expose successively younger 
beds, VIZ., Xari, Gaj and Manchhar, dipping towards the Indus plains. To 
the west, in Kalat, older Eocene rocks are seen, which attain a thickness of 
10,000 feet. The disposition of the strata in the Laki range also is similar. 
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RANIKOT SERIES 

The lowest division of the Eocene is called the Ranikot Series, after 
Ranikot in Sind. They rest on the Deccan Traps or the Cardita heaumonti 
beds and show a stratigraphical break at the junction. The lower Ranikot 
beds, which are 1,000—1,500 feet thick comprise soft sandstones, shales and 
variegated clavs. Gvpsuin and carbonaceous matter frequently occur in 
them, while in one place there is a coal seam 6 feet thick. The fossils found 
in them are dicotyledonous leaf impressions and o\sters in an ovster bed 
at the base. 

The I'pjier Rauikots, which ha\‘e a thickness of 700—800 feet, consist of 
tossiliternus brown limestones mterstratified with sandstones and clavs. 
Nummuhtes first ajijiear in ihe upjicr part of the iqiper division, the most 
characteristic species being X/nmnuh/cf phinulutus <ind Miscellanea mtscclla. 
These indicate a f'uisian age, the rest of the beds being probablv referable 
to the Londinian. 

The fauna of the I'jiper Ranikot comjiris's forainmifera, corals, cclii- 
iioids and molluses, the earliest Xumnnihtes occurring together with the last 
Helemnites— Styracotcuthis orientahs. The Eocene genus Beloscpia which 
forms a link between Helemnites and the modern cuttle-fish is also present. 

A large species of Calyptcophorus (gastropod), which is characteristic of the 
iipjierniost Cretaceous and lowermost Eocene is found in the lowest bed of 
the I'pper Ranikot. The following are the chief Ranikot fossils ' 


Foraminifera 


Corals 


Echinoids 


Lamellibranctis 


Gastropods 


Cephalopoda 


XummuIUcs planidatus, Miscellanea miscelhi, Leckharlta ncwhi'ldi, 
Asstlnia ramkoti, Opcrculina cf. cmtalifira. 

Monthraliia, Isastraea, Tliannuisiiaea, Fctldcnm, Cyclolites, 
Trochosmilta, Styliiui. 

Pkvllacaiilhus siiuicH^is, Cyphasoiiki ahnoniiaie, Salenui hlanfnrJi, 
I iictvoplcuyiis liainiei, Coiiaclvpius snidoists, Ple^iolampas 
placenta, P. cvalis, llurhodia Heniiaster ehniyn/us, 

Aclii'asti y alveidatiis, 

O^iica cf ninliicasfata, O, bellacacensis, O falpiii, l-'h nunyuslyi'a 
havdeni, Spondvlus yoaanai, I'encyuuid/a hallandi, Canliiim 
\haypct, Meyetyix moygani, (Soyhula iitdtnhitiei 

'^iiycula pnhrcsla, S. eycdeiihuygi, rieitii'l,ana jlnyahcnsis, Calyplio- 
phvyus indicas, Cantts hlagyircci, Athleta nnellingi, Volittncailns 
cugCHiae, Lyyia jiddent, Claiihlhes Icilancnsis, Styep^iduta 
cossmanni, Muyex sindtensts, Gtsnilia jhiutkeniis, KosleUayia 
nioygam, Rhinoclavis snhyiuda, Tnyitlclla halatnsis, Xalica 
adela, Cyommium dnhton, Velates affinis. 

Xautilus suhfleitnausianiis, X. dehici, X. co<^hianni, X. ^indicnm 
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LAKI SERIi;s 

The Laki beds are well developed in the calcaretms zone ot Hcducliistan 
and also in South W’azinstan, Kohat ^'alt Range, Attock district. Jammu, 
Bikaner, Kuteh and Assam. They succeed the Ranikot beds and may 
sometimes be found directlv overlying the Cretaceous. The base is 
sometimes markeii b\- a zone of ferruginous laterite indicating sub-aerial 
weathering of the underh'in.g beds. 1 he Lakis are the chief oil-bearing 
beds of North-western India. They are dir ided into three di\ isions : 


Upper 

Ghazij beds 
[2,000 ft.) 

(ivp&eoii.-s clavs, greenish sandstoneb and clays 
ut the llvsch facies, with oci dsional limestones 
and c«)al scams. 

Middle 

Dunghan I.ime- 
stone (500- 

800 ±t ) 

White or pale, massive, nodular limestone iii 
Sind (dark coloured in Baluchistan^ 

Lower 

... Meting Shales 

White chalky limestones and shales 


and limestones 
(50—250 ft.). 

Basal laterite . . Tliin crust of ferruginous laterite. 

The full succession is novi here seen at one place. The Metind shaleS' 
are observed only in the Laki range in association with a fine development 
of Dunghan Limestone which is ox'erlain by the Kirthar Scries, the Ghazij 
shales being absent. In other places the Meting Shales are absent but the 
other two stages are well developed. The Ghazij Shales have a flysch-like 
aspect and contain some coal seams less than 3 feet thick, which have been 
worked at Kohat and other places. The coal, though of fair bituminous 
quality, has a variable ash and sulphur content and is generally crushed by 
earth movements. 

The Dungh.an limestu.ve (formerly called .\l\ eolina Limestone and for 
which Col. L. M. Dai ies advocates the term Bolan limestone) is developed 
typically in the Bolan Pass and also in the Bugti hills, Dera Ghazi Khan 
and the borders of Waziristan, over a distance of about 200 miles. Eames 
has, however, came to the conclusion {Geol. Mag. 87 (3), p. 1950) that the 
Meting—Dunghan limestone succession is not quite the equivalent of the 
Bolan Limestone but is further up in the Eakis. It is a massive, well bedded, 
hard, tough limestone, sometimes nodular. The thickness is variable but 
may reach a maximum of several hundred feet. In the Bugti hills it is 
intercalated with olive shales. In Sind it is a soft, white limestone, 
generally nodular. The Eocene of Waziristan bears little resemblance to 
that of Sind, the estuarine shales developed in the former probably being 
the equivalents of the Ghazij Shales. There is nothing corresponding to- 
the Dunghan Limestone in Kohat and the Salt Range. The Lakis of the 
Salt Range are the Scarp Limestone and associated marls and shales. 
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The Laki Series is characterised by Sitmniulitc's aiucuu'<. 
granidosci and Alveohnu ofdoJigu. The Ghazij Shales are rarely fossiliferuus 
hut the Dunghan Limestones contain a rich echinoid fauna There are also 
[ilant fossils including seeds and leaf impressions. 

Foraminifera ... Assibna gmiiiilosa, J. c^ponens, \ atiicicic^, A. 

irregularis. 

Echinoids ... Leiocidaris canaliculata, Poioculans anoniaki. Cvniaao- 

stoma, ^Iiciopsis vennAida, Conoclvpt-n^ ul-, c, Llchino- 

cvLimits uummiiliticiis, Anihlvpvgtts si(b-}i'>tu}nliis, I'.olainpa^^ 
excentriciis, lichnwlampas roiumia, ll. obe<a, iiol'ilis, 

H. larnia/ifs, Mefalia sozt't'rhvi, M dtp 
syinmcfricus, Macmpneiistes ■^ptciosic^i, "p 

The following mollusca are found in the Laki and Kirthar beds and may 
probably be common to ]>oth ‘ 

Lamellibranclis (A/zra i,--ini/an'. Pk.'huh'n-.xa 

Gastropods . . Tuniiclla ini^itlaia, Xenia ^cliandt IhUhi. XuIicli i'a’iiispitu, 

TcrihcUuni plicatum, Koseltllu} >a auiin* ^nia R p}Lniik.nchi. 
Oviilum miocfnsoiit. 

KfRTHAR SFRIES 

The Lakis and Kirthars are exposed in the hilly tract of North-western 
Sind, both containing similar-looking massive limestone. The Kirthars 
are exposed in the Kirthar, Diimbar and Kimbu ranges while the Lakis are 
seen to their south-east in the Laki, Sumbak, Siirjana and Kara ranges. 

The Kirthar Series consists of three divisions, the lower mainlv shaly. 
the middle calcareous and transitional, and the upper mainly calcareous. 
The lower .shaly division is chiefly of the flysch facies, consisting of thin- 
bedded greenish shales and some sandstones and limestones, attaining a 
thickness of several thousand feet. 

There is a distinct stratigraphical and faunal break between Laki and 
Kirthar, marked by brecciated limestone strata. The basal beds in Balu¬ 
chistan are locally the Gh.azab.and limestones, named after a hill 15 miles 
from Quetta. They contain Nummiililes irregularis, X. laevigatus and 
Assilina exponens. 

The Middle Kirthars form a passage zone to the massive Upper Kirthar 
limestones, and ma\’ in fact be considered as their lower part. They are 
characterised by Xunimulites gizehensis, N. heaumonti, Discocyclina javuna, 
D. undnlata and Asslina spira, the last extending into the L'pper Kirthar. 
Only the middle portion of the Kirthars is well developed in Sind, the lower 
beds and the uppermost beds being often missing. But all the divisions are 
well developed in Baluchistan. 
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PLATE XXII 

LOWER TEKTIARA’ FOSSILS 



Explan.'\tiox of I’i..\te XXII 


1. Drdliii jhnahensi^ (2/3). 2. Volutospina -iykesi (1/2). 3. Fusus (Pagodula) 

colpophonis (2/3). 4. Turritella halaensis (1/3). 5. AmpiiHina (Crommium) poly- 

bathra (1/3). 6. Turritella angulala (1/3). 7. Kimella fusoides {ill). 8. Num- 
mulites nuttalli {a, specimen ; b, equatorial and c, meridional sections) (5). 9. Num- 
mulites atacicus (4). 10. Nummuhtes lahirii (3). 11 Assilina dandotica (7). 
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The Uppier Kirthars, alsf) known as the SpiXTAxr.i li.mestuxes in 
Baluchistiin. attain locallx a thickness of 3.000 feet. Their characteristic 
foraininifera is tlie lar^e form Xinfunulitc^. c<)}}ipla!ijh[s. 

3'he equivalents of the Kirthars arc found in main' places in the Tertiary 
Alpine belt of \\'ostern Asia and the 3fe(literranean region. The Kirtltars 
are rich in fossils. Amongst the more important of them an* : 

Foraminifera .. {Lower) Xitunuii/ifc^^ X X iifLtL>LU<. .-Icsilnia 

cxponcHi, 

(Middle) XunD/fiiliies g/rr/ztoo/s, A' X htditmonii, X. 

mitrchisoni, X discoilnua, X pt}fn!Lifii'-. Dnfyc^du.ides 
coolii, Discocychna jiu ana, I> dispausa, jj uuduldfii. .-Lsiluni 
exponens, A. spun, papilluta, Ahcnlnni eUiptica 

(Upper) Xitmmiilifes perfoyatus, X c-»}iph{)i'iUiS, X. }>Hiynt:c}isn 

EchinoifU .. Cypho'^oma luidiihiui, Cvunclyptw^ o-Oa/’o, '<isiiin}idia poly¬ 
morphs, .Imldypvqit^ /itihodii^, .1 Id h, o-'ldsipa-^ suiden- 

r.chtthnifhn' uiUnthdiii'’. tmwthis, '^chi:iictey 

Since the foraminifera are of great importance in the zonal sub-Jivision 
of the Eocene, Talile 63 gi\'es the chief forms and tlieir distriliution in Sintl- 
Baluchistan. 


SALT RANGE 

The Eocene strata of the Salt Range are intermediate in character 
between the deep sea facies of Sind and the coastal facies of the Sub-Hima¬ 
laya. The greater part of the Eocene is w'ell developed here, the beds 
generally thickening towards the west. The beds overlap the older forma¬ 
tions and are overlain by the Murrees or Siwaliks. 


The following succession (in the descending order) has been established. 


Laki 


'Bhadrar beds (100-300 ft.i—Sandstones, limestones, marls and cla\s. 
Sakesar Limestones (200-300 ft)—Massive limestone with chert 
-j nodules. 

Nammal Limestones and shales (100-200 ft.)—Limestones, marls and 
shales. 


12. Assilina granulosa (3). 13. Operoulina subsalsa (5). 14- Miscellanea nnscella (8). 
15. Lepidocvclina {Polylepidina) punjabensis {a, meridional section and b, equatorial 
section) (16). 16. Blagrovia simplex (1). 17. Montlivaltia vignet (2/3). 18. Astro- 

coema ramosa (3). 19. Montlivaltia ranikoft (a, specimen ; b, section) (1). 20. Tro- 

chocyathus nariensis. 21. Trochocyaihus burnesi (1). 22. Stylnpkora pulchcrnma (4). 
23. (6, septa enlarged) (1). 24. Cyclohles ranikoti {ijl). 25. Salenia 

hlayifordi (2/3). 26. Conoclypeus dechvis (1/4). 27. Eurhodia morrisi (213). 

28. Schizaster alveolatus (1/3). 29. Sxsmondia polyniotpha (3/2). 30. Amblypygus 

subrotundus (1/3). 31. Echinolampas rotunda (1/3). 32. Metalia depressa (1/3). 

33. Eiispatangus avellana (1/2). 
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fPatella bhalts (100-250 ft.)—Carbonaceous shales, limestones and 
sandstones 

' Khairabad limesfoie^; (50-500 tt.)—Nodular limestones 
Kanikot j Dhnk Pass beds (20-100 ft)—Sandstones and shales, carbonaceous 

I and gypseous with subordinate limestones. 

(^Latente horizon £t base. 

Table 63 —Fokaminifera of the Eocene of Western India (After 
W. L. F. Nuttali) 


Laki Kirthar 


V a. = very abundant 
a = abundant 
c — common 
f = frequent 
p = present or rare 

o 

c 

' cC 

■ O 

’ZZ Qj 

c c c 

rt ctj O 

5 § g 

1 § 

'Tz, 

Ghazij 

shales 

Lower 

Lr -Middle 

Up.-Middle 

Species i i ' 1 1 

i i '1 



Niimmulites planulatus Lmk. 

' f 






1 

N aff. giiettardi D'arch 

c 







Sidcrolites miscella (D'Arch <Sc 








Haime) 

f 







Assilinu ranikoti Xuttall . . 

a 







Opercuhna canalifera D’Arch. 

f 

1 






0. hardiei D'Arch. & Haime . . 

c 







Dictyoconoulvs conditi Nuttali 

P 


j 

1 




Alveolina uhlonga D’orb. . . 


c 

c 


i 



Flosculina glohosa 

- 

v.a 

1 


1 



Alveolina subpyrenaica Lcym. 

- 

V a i 

v.a 





Niimmulites irregularis Desh. . . ■ 

- 

p 1 

1 

f 1 




Asiilina granulosa D’Xrch. . . 

- 

a 

a 

a i 

i 

1 



Nummuhtes atacicus Leym. . . 

- 

a 

f ' 

a j 

a j 

a 


Orbitolites comphinata I.mk. 

- 

a 

C I 

p ! 

P ' 

p j 


Assilina exponens (Sow.) ... , 

- 

- 

- 

' 

C 1 

c i 


Niimmulites obtusu^ (Sow ) . . ' 

- 

- 

- 

- 

p 

a ' 

c 

Nummuhtes acuiiis (Sow.) 

- 

. 

; 

_ 

_ 1 

f 1 


N. heaumonti D’Arch and Haime. 

- 

- 

1 

_ 

1 

f 1 


N. stamineus Nuttali 

- 

' 

- 


_ 

f ; 


Dictyoconoides cooki (Carter) ... • 



- 



a 


Discocvclina dispansa (Sow.) 

- 

- 

- 

- 

_ 

a , 


D. javayia var. indica N'uttall 

- 

- 

; 

_ 

1 

v.a 


D. unduhita Xuttall . . 

- 

- 

_ 

_ 

1 

D ' 


D soioerbvi Nuttali 

- 

- 

; 

_ 

- 1 

r ! 

c 


Alveolina elhptica (vSow ) . . 

- 

- 

- 

- 

i 

c ' 

p 

Nummuhtes laengatiis (Brug) 

- 

- 

_ 

_ 

_ 

p 

a 

Ah att. scaher Lmk. 

- 

- 

_ 

_ 

! 


a 

N. Liirtcn D’Arch. di Haime 

- 

- 

_ 

; 


; 

n 

N. gizehensis (Forksal) 

- 

. 

_ 




r 

p 

Assilina canccllata Xuttall . . 

- 

- 

_ 

_ 



f 

A. pupillata Nuttali 

- 

_ 

_ 

_ 



c 

A. spira de Roissv 



- 

1 

; 

1 

f 


Dhak Pass Beds. —The earliest Eocene beds are seen at Dhak Pass 
near Xaminal, where the Jurassic rocks are overlain by a pisolitic ferrugi¬ 
nous band. Resting on this band, or directly overlying the Jurrassics, 
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are the Dhak Pass beds consisting of sandstones and shales n hich are often 
carbonaceous and sometimes gvpseoiis. and also some thin limestones. 
Their fossil contents include : 

Foramimfera ... Op:yciih}ia cf canahjcia, O. Miscellanca niisccUa, 

Lockfuntici conditi, L. ha’uiei. 

Gastropods .. Cassidaria cf. aychiaci, Mcf^./Iccyf mcd }Linikofensi<, \’claie< 

'noethngi. 

LamdlibrandiJj .. Cni^saiclli Diplnd>‘i-:n ct hiiuh', Lhciua vrcdcnfniygi. 

Khairabad Limestone.—Resting oYer th ■ Dhak Pass beds there are 
nodular limestones named after Khairabail near Kalabagh. The\’ are 500 
feet or more thick in the western Salt Range but gradualh- thin down east¬ 
wards. The following are the chief fossils in this division . 

Foraminifera ... Nunwiulites nuttalli. A'. Utaliru-^, X. ciiidtu^is, Assilina dando- 
tica, Operctilina stibsahet, O. ct. canal'.fcia, 0. Ji'd-'am, 
Miscellanea miscella, M stumpi, Lockharha ncivholdi, Lock- 
hartia conditi, Alveolina vrcdcnhurgi, A. ovoidca, Dutvneonoides 
flemingi, LepxdocycUna (Pohlepidina) punjabensis. 

Echmoderms . . F.tiil’odia morrisi, Henuastci tlungaliis, Plesiolampas o,'ahs. 

Gastropods ... I'clates nnellntgi, V. peiveisus 

Lamellibranchs ... Lticina ntidahilis, L. nooipouh n^is, f. cf. belUudi. 

Patala Shales.—These form the Upper Ranikot beds, comprising 
dark grey shales, often carbonaceous, with subordinate limestones and 
sandstones. The coal seams worked at Dandot, Makarwal, Pidh and 
elsewhere belong to this division. The shales are alum-bearing on account 
of the action of the sulphuric acid derived from decomposing pyrite 
contained in them, the alum being extracted by the solution of the shales 
in water. 

There is a marked change in the foraminiferal fauna in the middle of 
this division, the earlier forms like Miscellanea miscella, Lockhartia haimei 
and Lepidocyclina punjabensis becoming scarce in the upper portion, and 
forms like Operculina patalensis, Assilina dandotica and Discocyclina rani- 
kotensis becoming abundant. The fossils in the Patala shales include : 

Foraminifera ... Opercuhna patalensis, O. cf. canahfera, 0. salsa. O. subsalsa, 
Assilina dandotica, A. spinosa, Discocyclina ranikottnsis, 
Niimmiilites globulus, N. cf. mamilla, Alveolina glohosa, A. 
vredenbitrgi, A. ovoidea. 

Corals ... Astrocoenia blanfordi, Trochocyathus cf. epithecata. 

Gastropods ... Tiirritella ranikoti, T. hoUandi, T. halaensis, Mesalia fasciata, 

Riniella jamesoni. 

I.amellibranclis ... Crasstella salsaensis, Ostrea pharaonuni var. aviciilma. 
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Nammal Limestones and Shales. —These consist of limestones, 
marls and shales, a fine section being seen in the Nammal gorge. The 
characteristic fossils are Ninnmulitcs atacicus, X. cf. maniilla, N. irre¬ 
gularis, Assilina granulosa. Some long-range forms like X. laltirii, Lockhartia 
tipperi, Discocvclina ra)iikotensis, Assilitia suhspinosa and Ostrcu fleniingi 
are also found in them. 

Sakesar Limestone. —This is a massive limestone, 200 to 400 feet 
thick, containing numerous chert nodules in places. It is the characteristic 
member of the I.aki Series, forming high cliffs like the Sakesar hill, towering 
above the scarp. Occasionally it is seen to pass into gypsum, as near 
Kalabagh. On account of its massi\’eness and well-developed joints, it 
weathers into steep and irregular masses hardng the appearance of ruined 
fortress walls. The weathered surface shows numerous Xummulites. The 
chief fossils found are : 

atacicu^., -V. cl ifuinnllu, As->ili}ia , A , Lockhartia 

iipperi, L. conditi, Alveohua vhhaiga, A. ovoidea, ^lobosa. 

Bhadrar Beds. —These ' constitute the u]iperniot,t Laki dudsion. 
overlying the Sakesar limestone. They consist of sandstones, limestones, 
clavs and marls r'ar_\’ing in thickness in different jilaces from 200 feet to a 
few feet. In some places they are associated with the red clays characteris¬ 
tic of the Chharat beds of the Kala Chitta hills. .Massive gypsum, regarded 
as derived from Laki limestone, occurs at the base of this division near 
Mari-Indus. 'I'he cliaracteristic foraminifera are Orhitoides comphinatus 
and Assilina cf. pustulosu, together with longer range forms like Xummulites 
Cl. mamilla, X. atacicus, Assilina subspinosa, Lockhartia conditi, L. tipperi, 
Alvcolina ovoidea, A. ohlonga. 

KOH.AT DISTRICT 

In the Kohat district, north-west of the Salt Range, there occur beds 
of rock salt overlain by massive gypsum, the latter being altered limestones 
of Laki age. The salt of this region is grey or dark owing to inclusions of 
bituminous matter. The Laki limestone and gypsum are intercalated 
with greenish shales and are succeetled by Kirthar rocks which consist 
mainly of limestones and red clays. 

Near Kohat itself the Lakis consist of greenish shales at the base, 
succeeded by the Shekh.\n limestone (Upper Laki) and by red gvpseous 
clays. The overlying Kirthars comprise a lower division of Kohat sh.ales 
and limestones and an upper dlA-ision including Nummulitic .shales and 
Alveolin.a limestones. 
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Table 64— 1*a)c em, fokamimfeka of the Salt Range (Alter Davies 
AND Pinfold, Pal. I ml. XXIV, I, j). 67. 1937.) 


* present only in a small part of tlie strata Ranikot Laki 

X present throughout or in sjreater part 


tspecies 


L .MU , L :m U 


Nummnlites uultalli I)a\ies 
,, thaliLHii DaMes 

,, sindensi^i (Davies) 

,, globulus Leyrn. 

,, cf. mamtllii (Fich & Moll) 

,, afacicus Leym. 

,, hihiu Davies 

,, irregularis Desh. 

,, subirregularts De la Harpe. 

Assiluia dandofica Davies 
,, gratiulosa D’Arch. 

,, spinosa Davies 

,, siibspinosa Davies 

,, cf. pustulosa Don. 

OpocuUua cf canaliferu D’Arcii. 

,, salsa Davies 

,, snbsaL-^a Davies 

,, patalcnsis Davies 

,, jiu,'ani Davies 

Miscellanea slam pi (Da\ies) 

misccllii (D'A. d- H.) 

Lockhartia haimet Davies 

,, newboldi (D'A. & H.) 

,, condiii (Xuttall) 

,, tipperi (Davies) 

Sakesaria coiteri Davies 
Dictyoconoides demingi Davies 
Heterostegina cf. ruida Schw. 

Lepidocychna {Polylepidina) punjabensis Davies 
Discocyclina iamkotensis Davies 
Orbitolites coynplanatus Lamk 
Aheolina vredenburgi Davies 
,, ohlonga D’Orb. 

,, ovQidea D’Orb. 

,, globosa Leym. 


X 




X 

< 

/«, 

X 


X < X 

> < X 

X 


* 

* 

* 


.< X 

X X 


SAMANA RANGE 

Quartzites and Hangu Shales. —In the Samana Range, which lies 
some distance to the north-west of the Kohat area, the lowermost Eocene 
consists of about 150 feet of white quartzitic sandstones followed by the 
Hangu Shales which are 15 feet thick and full of fossils. The Hangu Shales 
fonn a useful marker horizon in this region. The fossils show affinities 
with those of the Cardita beaumonti beds, but the absence of cephalopods 
and of the larger foraminifera shows that they belong to early Eocene age, 
i.e.. Lower Ranikot. .All the fossils found in them are new except a few 
which hac'e a long time range. 
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Corals 

Blagrovia simplex, Placotrochus iippevi, EuphyJlia thalensis, 
Astrocoenia {Platastrocoenia) ranikoii, A. hJanponh, CycloUtes 
vicarvt, C. striata, Placosniilia icadiai. 

Gastropods 

.. Campanile brookniani, Turriiella davwsi, T. ranikoti, d^Iesalia 
fasciaia. Tibia saniancnsis, Rimetla tcvi^, hi(<=.piya roei, Glohii- 
laria hreinspria, Architectonia mamix'aringi, Hcmifitsus mon- 
iensis, Mitrex wadiai, Strepsidura tippevi, Vohita vredenhiirgi, 
Athleia {Volutocorhis) deviesi, Lyria sanuincnsis. 

Lamellibranchs 

Cardtia hanguensis, Cardium tnaequiconvcxnm, Meretrix indica, 
Trapezium daviesi, Crassetellitcs exiguu‘^, (. orhiila samanensis. 


Lockhart Limestone and Hangu breccia. —The overlying rocks 
show two facies, one being a massive grey limestone of 200 feet thickness 
(Lockhart Limestone) and the other a limestone breccia. The larger 
foraminifera make their first appearance here, species of Dictyoconoides 
{D. haimei, D. nen'boldi and D. conditi) being common. 

Upper Ranikot.—Abox'e the Lockhart Limestones are clays, shales 
and impure limestones hax'ing a thickness of 70 feet, cappeil bv a limestone- 
breccia which is 30 feet thick. The most important fossils in these are 
Nummulites mUtalli, N. thaliciis, Operculina cf. canalifcra and Dtscocychna 
sp. The Upper Ranikot contains several corals including the following : 

Paracyatlius altus, Feddenia jacquemonH, Astrocoenia blanfordi, A. raiitosa, Tham- 
nastyea balli, Diploria jiexuosissima, Pachyseris murchisoni, Troc)wseris ohhquatus, Isis 
tanikoti 


POTWAR PLATEAU 

Hill Limestone. —The lowest zone in the Tertiaries of the Kawagarh 
and Kala Chitta hills is a ferruginous pisolite associated with iinfossiliferous 
shales of Lower Ranikot age. This is overlain by the Hill Limestone, a 
massive limestone with shale intercalations, including both the Ranikot and 
Laki Series. The shaly beds in the Hill Limestone occasionally contain 
layers of coal. They attain a thickness of several hundred feet but vary 
from place to place, the upper portion containing the Laki fossil Assilina 
granulosa. 

Chharat Series. —The Hill Limestone is succeeded by the Chharat 
Series in the Kala Chitta hills, where the following dn isions have been 
recognised : 

3. Nummulitic shales (50-200 feet). 

2. Thin bedded limestones and green shales (100-200 feet). 

1. Variegated Shales and Limestones (300-500 feet). 

The passage bed between the Hill Limestone and the \'ariegated Shales 
is a chalky limestone with gypsum, showing oil seepages near Chharat. 
The Variegated Shales and Limestones show fragments of reptilian and 
mammalian fossils and shells of Planorhis. The middle dix ision contains 
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Nnmmuhtes and ihdUuscs includintj Cardiia (Vencncardia) sidKmnplanata. 
The Xunimulitic shales contain numerous Assdina papilLiUi and Discocvclina 
javana. It is therefore considered to represent the lower part of the Middle 
Kirthar. The L’pper Kirthar is absent. 

Kuldana Beds. —Some calcareous con,Momerates and red shales which 
are found between the Xuminuhtics and the .Mum-es were described by 
W ynne as the Kuldana Series and regarded as the eipiu'aleiits of the Suba- 
thus. Pinfold showed later that thc\’ are ap[)roximately of the same a.^e 
as the Chharat Series. 

The south-eastern border of the mountains of Hazara shows a well 
developed zone of Eocene rocks. .\t the base is a band of pisolitic laterite 
followed by beds of variegated samlstones and clav.s, about 20 feet thick, 
containing seams of inferior coal. These are o\’erlain by 200 feet of grey¬ 
weathering, well bedded, massive limestones which emit foetid smell when 
broken. The limestones contain small Nnmmuhtes of the size of Ixtrley 
grains and a zone with Echtnolatnpas near the base. These may be of Laki 
age. The}’ are oi’erlain b\’ shales, marls and nodular limestone containing 
Monthi’altia and large Nummuhtes. These beds rather resemble the 
("hharats and an* of Kirthar age. 

Overls’ing these with an unconformity is a band of shales, clavs and 
marls, 15 to 20 feet thick, known as the Kuldana beds. Thev are purple 
to deep brown in colour and contain Nummiilitcs derived from the denmia- 
tion of the older becK. These beds are succeeded bv the Murree Svstem. 

K.ASHMIK 

Eocene rocks similar to those of Hazara are developed on the southern 
flanks of the Pir Panjal. Thev consist of limestones re.semblmg the Hill 
Limestone, followed by a large thickness of '-ariegated shales containing a 
few coal seams in the lower part. The limestones arc thin-bedded, pale 
grey and cherty, containing a few Nummuhtes of Ranikot age and gastro¬ 
pods. They attain a thickness of 300 to 500 feet. The overlving beds are 
pyritous, coaly and ferruginous shales with thin carbonaceous beds. These 
are succeeiled by thin-bedded dark limestones containing Nummiilites, 
Assihiiu and Ostrea, and the.se in turn by variegated shales of several hundred 
feet thickness with sandstone intercalations. This shale and limestone 
formation is similar to the Chharats in characters. 

rVariegated red and green shales (800 ft). 

Chharat 7 Dark thin-bedded lenticular nummuhtic limestone (100 ft.) 

LPyritous and carbonaceous shales with iron-stone (50 ft.). 

Ranikot fXhjn bedded, pale grey, cherty limestones with a few Xummiitt/es and 

\ gastropods (400 ft.) 
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To the south of the Pir Panjal there is a series of outcrops of Eocene 
rocks near Riasi and Jammu. These contain a basal zone of laterite suc¬ 
ceeded by grey and green pyritous and carbonaceous shales and Nummulitic 
limestones. They attain a thickness of 600 feet or more and are similar 
to the Subathu beds of Simla foot-hills further east. The laterite is often 
highly aluminous and may therefore be useful as an ore of aluminium. 
The shales overlying them contain seams of coal uhich are workable but 
are more or less crushed and graphitic. The Nummulitic limestone is dark 
and thin-bedded, but when followed westwards becomes paler, more massive 
and thicker and contains Nummidites atacicus and Assilina granulosa. 

SUB-Hni.\L.\Y,\ OF SniL.V 

The Jammu belt of Eocene rocks continues south-eastwards along the 
foot-hill zone of Simla and (larhwal as far as Xaini Tal. The deposits 
gradu.dl\ thin 'lown in tins direction and are of lagoonal nature. They are 
called Subathu beds and consist cif a liasal bed of jnsolitic laterite ot'crlain 
by greenish grey and red gvpseous shales with occasional sandstones and a 
few impure limestone bands. The Subathus are the equivalents of the 
Lakis as they have yielded .-Issilina granulosa, A. spinnsa, .-1. leymerei, 
NummuUtcs atacicus, N. mammilla, Lockhartia, etc. Thev are succeeded, 
after a gap, by the Dagshai beds of Lower Miocene age. 

CEXTR.\L HIM.AL.-VYA .\XD TIBET 

Upper Indus Valley. —Eocene rocks are found in the L’pper Indus 
Valley in Ladakh along a zone parallel to the Himalayan axis from Kargil 
to Lch, Hanle and beyond. They consist of feldspathic grits, green and 
purple shales and limestones containing badly preserved Nummulites and 
other fossils. The rock.s have been subjected to folding and crushing and 
igneous intrusions on a large scale. From fossil evidence it is known that 
the sediments extend in age from the Cretaceous to OIi,gocene. 

Mount Kailas. —In the south-western part of Tibet is Mount Kailas 
which is made up entirely of arkose, sandstones and conglomerates. .Accord¬ 
ing to Heim and Gansser, the conglomerates are at least 2.000 metres thick 
and may originally have been more than 4,000 metres thick. On the north 
the conglomerates rest on the Kailas (Trans-Himalavan) granite and contain 
large boulders near the base which graduallv diminish in size further uji. 
The boulders and pebbles consist not only of this granite, but also of grano- 
phyre, lipartite, dacite, andesite, and tuff of intermediate compo.sition. 
These must ha\'e been derived from the rocks which are known to occur 
in the Trans-Himalaya mountain of Bongthol as shown by Hennig and 
Sven Hedin. The Kailas granite is a homblendic tvpe without tourmaline 
and is similar to the Kyi-Chu granite <lescribed by Havden from the region 
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of Lhasa. .As it has contributed pebbles and boulders to the Kailas conglo¬ 
merates, it should be of L'pper t'retaceoiis or earlv Eocene age. It is diffe¬ 
rent from the tourmaline and muscovite granite which is characteristic of 
the main llimalavan ranges further south and which mav be of different 
ages. The great thickness of the conglomerates and sandstone in Mount 
Kallas indicates that these must have been deposited in a steadilv sinking 
but shallow furrow formed in Cretaceous times during the first phase of 
Himalavan orogenw There arc no rocks in this region voungcr than the 
Eocene. 

Southern Tibet. —Eocene rocks occur o\er large areas in Southern 
Tibet and form part of the Karnpa Svstem. The sub-divisions recognised 
by Hayden are given in Table 65. The ferruginous sandstone is similar to 
the Dhak Pass beds of the Salt Range. The succeeding three beds are the 
cqui\'alents of the Khairabad Limestone, and all contain foraminifera, 
especially the Operculina limestone. The chief foraminifera in these are 
Miscellanea miscella, Nmnmulites sindensis, N. thalicus, Operculina subsalsa, 
Lockhartia haimei, L. nercboldi, L. conditi. Dictyoconoides ci. jiemingi, Lepi- 
docyclina (Polylepidina) punjabensis, i'erncuilia sp., and these bear a striking 
resemblance to the fauna of the Salt Range. The mollusca found in these 
beds include Mei^alocypraea ranikotensis, Gosavia humherti, Hippochrenes ci. 
ampins, Campande brevis, I'elates perversus, ]'tdsclla le°umeH, Ostrea [I.io- 
strea) flemin"i. 


Table 65— Eocene Succession in Kampa Dzong 


6. Dzong-buk shales (150 ft ). Sandy micaceous shales with thin 
sandstone la 3 ’ers 

5 Orbitohtcs limestone (50 ft). Limestone full of Orbitolites 
and .•(/it’o/iiin 

4. Spondylus shales (150 ft). Fine-grained, greenish grej- and' 
black shales. 

3. Operculina limestone (150 ft) Shaly nodular limestone full 
of foraminifera. 

2. Gastropod limestone (300 ft.) Hard, dark, massive limestone, 
thin bedded at base, with a shale band 40 ft. thick justx 
above the middle, 

1 Ferruginous sandstones (200 ft.) 


Laki 

Laki 


Upper Ranikot 


Lower Ranikot 


ASSAM 

The Eocene is well developed in Assam. In the southern and eastern 
parts of the Shillong plateau it is represented by the Jaintia Series. A 
different lithological facies, called the Disan" Series, is found in Upper 
Assam e.xtending from the Brahmaputra A'allev south-westwards into 
Alanipur and beyond. These two facies have been brought into juxta¬ 
position by the Haflong-Disang thrust fault. While the Jaintia Series 
covers almost the entire Eocene System it is thought that the Disangs 
extend from Upper Cretaceous to the upper part of the Eocene. 
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Jaintia Series. —This can be divided into se\ eral formations by reason 
of their lithological units and fossil content. The three major lithological 
divisions are the 'rherria, Sylhet and Kopili, The different units now- 
recognised by the geologists of the ,\ssam Oil Co., Ltd., are show n below : 


Tapsle 66—Eocene Scci ession in .4ss \m 


Kopili 

Stage 


Sylhet 

Limestone 

Stage. 


Therna 

Stage 


{ Alternations of shales and sandstones with bands \ 
of calcareous sandstones and shales ( 1 500 ft ) j 

'Prang Limestone. Fossihferoiis limestone '] 

(400-900 ft.) , 

Niirpiih Sandstone. Sandstone with siibordi- \ 
nate calcareous bands (60 It) j 
Unilatdoh Limestone. Limestones with occa-l 
sional sandstone bands [ 
{200 ft ) . . I 

Lakadong sandstone. Coal-beanng sandstones y 
(80 ft ) . . j 

Lakadong Limcst>mc Fossiliferous limestones | 

L ' (500 ft) J 

f I heina H<ird saiuUtone'j (upto 100 It ) 'j 

Lower Tht rna. Limestones and calcareous y 
(_ sandstones (upto 225 It ) J 


Upper 

Eocene 


Middle 

Eocene 


Lower 

Eocene 


I'ali oeeiic 


The rocks shown under the Therria Stage were (.iiTginall\' included in the 
Cretaceous as Cherra Sandstone. Eon suggested the name Tura Sandstone 
for these rocks to avoid confusion. The .Assam Oil Co., geologists point out 
that the Tura Sandstone near Tura is younger than the sandstone of Ther- 
riaghat in Khasi hills and therefore advocate the term Therna Sandstone 
to the Paleocene di\-ision. Mr. .A. M. N. Ghosh has now come to the con¬ 
clusion that the Tura Sandstone of the Simsang section in Garo Hills is 
equivalent to the Alveolina-hea.Ting Middle Sylhet Limestone and that the 
Siju limestone is equivalent to the L'pper Sylhet Limestone. The Therria 
Series has not yielded fossils useful for fi.xing their precise age but thev are 
undoubtedly Paleocene. The o\-erlying Lakadong Limestone has yielded 
typical Ranikot fossils such as Niimvnililes thalicus, N. sincieitsis, Lockhartia 
haimei, Miscellanea miscella, M. meandrina, Operciilina cf. caiialifera, 
Alveolina, Orbitosiphon tibetica. Discocvclina ranikotensis, Gvpsinu sp. and 
some calcareous algae. The L'mlatdoh Limestone contains some Nummu- 
lites, Alveolina, Discocyclina, Miliolidac and calcareous algae and are thought 
to be of Laki age. The Prang Limestone encloses Niimmnlites ohliisns. .V. 
acutus, N. beaumonti, Assilina papillata, Discocvclina omphalus, D. sov erbyi, 
Eodictyocontis, Linderina, Orbitolites complanatus, Alveolina, Calcurina, etc. 
W'hich indicate Kirthar age. The Kopilis contain Discocyclina, Nummulites, 
Heterostegina and Pellatispira, of Tapper Eocene age. The Sylhet Limestone 
Stage therefore includes the Ranikot. Laki and Kirthar Series. 

The Lakadong Sandstone which contains only poor coal seams in the 
south becomes thicker on the plateau and shows workable and better 
quality coal seams, as for instance near Cherrapunji and Laitryngew. 
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The Prang Limestone attains a thickness of aiiout 700 feet to the south 
of the Jaintia hills and is the ‘ Sylliet Limestone ’ used in the manufacture 
of cement. 

The Kopili Senes (Kopih alternations), consisting of an alternating 
series of shales and sandstones contain several horizons of fossiliferous 
limestones which indicate upper Eocene age. 

In the Garo Hills" the Tura Sandstones consist of sandstones, shales and 
coal seams. They ha\-e now been shown to he equmalent to the Middle 
Sylhet Limestones of the Khasi hills. They form an anticline to the south 
of the Tura range and one limb dips steeplv down towards the plains in the 
south. 


The Siju Limestones overlie the Turas and are correlated with the Tapper 
Sylhet Limestones on fossil evidence. They are o\'erlain by the Rewak 
Series which are apparently the equivalents of the Kopilis further east. 
The succession in the Garo hills is shown below : 


Rew.^k — ilannc sandstones and shales 


4,000 ft. 


Sijv — Marine shales and limestones 


500 ft. 


flipper sandstone 
I Upper coal seam 
Tur.\ .. -1 IMiddle sandstone 
Lower coal seam 
I Lower sandstone 


200 ft. 

2 to 4 ft. 
180 ft. 

5 to 6 ft. 
210 ft. 


Disang Series. —This facies of the Eocene is well developed to the east 
and south-east of the Haflong-DLsang thrust fault in the Naga Hills, Manipur 
etc. The rocks consist of splintery dark grey shales intercalated with fine 
grained sandstones, passing upwards into well-bedded sandstones. In the 
Naga hills the shales are often found to have been metamorphosed to slates. 
Along the western edge of the Barail range, the Disangs are thrust over to 
the north-west against the Kopih series. The Disangs attain a thickness of 
about 10,000 ft. but are mostly devoid of fossils. They seem to represent 
the whole of the Eocene, though the lowest part may possibly e.xtend down 
into the Upper fretaceons. 


BIKMA 

Eocene rocks are found in a belt stretching from the Dutch East Indies 
through the Xicobar and .Andaman Islands .and the Arakan Yoina to Upper 
Burma. 

The Andaman and Xicobar Islands are composed, for the most part, 
of Eocene rocks. The lower beds are conglomerates and sandstones resting 
on rocks resembling the A.xials. Thej' contain Nuinmulites atacicus and 
Assilina and are therefore of Laki age. The same series is represented by 
limestones in Sumatra and Java. 
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Lower Burma. —The eastern foothills of the Arakan Yoina in Lower 
Burma show' Eocene rocks apparently faulted against the pre-Tertiary 
rocks. They comprise alternating sandstones, sandy shales and bluish 
shales containing .some carbonaceous matter and thin coal seams. The 
sandstones are sometimes u.sed as a building stone. The sliales contain 
fish scales and plant fossils. The shales and thin limestones occurring in 
the upper beds contain Xinnmithlcs. Coal seams occur in Eocene sand¬ 
stone in the Men/ada district hut the coal is crushed and friable and of 
little economic value. 

Upper Burma. —The Eocene rocks of Upper Hunna comprise si.N 
divisions (see Table 67) extending in age from the Daman to Bartonian. 

T.\r.LE 67— Eocene of Upter Bcrm.c 

6 Yaw shales '2 000 ft ) .Mainn* l>hie witli fossiLs . . Jtartoniar.- 

laulian 

5. Pondaung saiKlst«nc.s (6,000 It ) Congl()merate.s. saii'lstone^ 

aiul eanegatod clays with nianiinalian fossils . . .tiuersian 

4 Tabyin clays {5,000 ft.) Green clays and sandstones with 

coal . . Up Lutetian 

3. Tilin .sandstones (5,000 ft ) Greenish sandstones, sparsely 

fossihferoiis . . L. Lutetian 

2. Laiingshe .shales (9,000-12,000 ft) Bine Xiimmuhtic nhales, 

gtpseoiis and concretionary, with bands of sand.stone . . Ypresian 

I. Pdimggyi conglomerates (2,000-4.000 ft) Conglomerates, Thanetian to 
grits and sandstones Daman 

The basal beds are grits and conglcjinerates which unconfurmably rest 
on phyllites and slates of older age. Because of their inconstancy, they are 
regarded by G. de P. Cottor as the low.^r part of the overlvin.g Laungshe 
shale stage. The L.\ungshe sh.\les are thin-bedded bine clay.s, often 
concretionary and gtpseoiis, with bands of sandstone. They contain 
Nummulites ataciais, Opercidina canalifera and some molliisca and corres¬ 
pond in age to the Lakis, whereas the Paunggvi conglomerates may rej'iresent 
part of the Kanikots. The Tii.ix s.wdstones are marme in the south 
and fluviatile in the north and increase in thickness northward. They are 
sparseh' fossiliferous, containing Amptilliiui. Arcii. Osln'ii. Ccrithium, 
Turntclla and Volntilithes and also fossil wood in places The succeeding 
Tabyin clays are dark blue coloured shales with sandstones and pebble- 
beds. They contain septarian nodules, lignitic and carbonaceous nests and 
some coal seams especially in the I’ondaung range. The marine deYelop- 
ment in the south contains the characteristic middle Kirthar fossils Xummu- 
lites vredenhHYgi and .V. nciitiis. 
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The I’oNDAi'NCr b.ANDSTONFb are tvpicallv (leceloped in the Pondaung 
range, tlie lower part being conglomerates, greenish sandstones and cla3's, 
and the upper part greenish, ]Hirplish and vanegated .shales. As with other 
formations tluw are marine m tlie south and hrackrsh to fresh-water in the 
north. TIka’ enclose fossil wood which is nsi!all_v carlronised in the lower 
part of the stage, and partiv carbonised and partl\’ silicified in the upper 
part. The conglomerate bed at the base contains Canlita mntahilis, Area 
pondaunin^cnsis, Alectryonia iit’htoni, Cerbula diiltoni and .some gastropods. 
The freshwater facies consists of red, buff, and cream coloured earths inter- 
stratified with sandstones. The earth\' beds contain reptilian and mam¬ 
malian remains in the Pakokku district, the chief mammalian fossils being ; 

Primateb . . Pondiiungtii colten, Amphipithecus moguungensis 

Brontotheridae . . Sivaliluiiops birmaHicttni, S colten. 

Tapiridae . . Indolophiis guptai, Deperetella birmamottm. 

Anthracothendae . . Anthracothema pangan, A. crassum, A. rtibricae, Anthracokeryx 
hospes, A. birmantcus, .t. tenins, A. bambusae, Anthra- 
cohyits choeroides. 

Traaulidae . . Indomcryx colten, I. arenae. 

The fossils indicate an Upper Eocene (.Auversian) age. 

The T’.tw SH.ALES rest on the Pondaung Sandstones and comprise bluish 
grev shales of essentially marine character, though the fluviatile representa¬ 
tives with coal seams are developed in the Minbu district. They often 
show thin bands of impure calcareous matter, septarian nodules, phospha- 
tised coprolites and fish remains, foraminifera and mollu.scs. The chief 
fossils are : 

Foraminifera . . Xummidites yuu.’CHSis, Orthophragnnna omphalus, O. sella, 

Gypsiua globulus. Operculnta canahfera. 

Lamellibraiichs . Solen manensis, Corbula subexarata, C. pauhensis, Meretrix 

{Callista) yaxt'ensts, Venus pasokensis, Tellina salinensis, 
Cardiiim kanleanum, Lucina yawensis, Ostrea minbuensis, 
Leda silvestris. 

Gastropods . . Velates schmidehana, Cypraedia birmanica, Gosavia hirmanica, 

Lithocnnus gracilispira, Athleta rosalindae, A. archiaci, 

V olutilithes arakanensis, Clavihthes cossnianni, Velates 
percersus, Antpullina cf. grossa. 

This fauna bears a distinct resemblance to that of the Upper Eocene of 
Java and to the Upper Kirthar of Western India. 

RAJASTH.AN 

The comparatively lowljing tracts of Bikaner and Jaisalmer in south¬ 
western Rajputana were under the sea in Eocene times. The strata exposed 
here belong to the Laki Series and especially its middle division, and comprise 
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a considerable thickness of white or pale buff limestone with Nummnlites 
ataciciis and Assilina granulosa. 

The Eocene beds contain lignite beds which arc successfully worked at 
Palana in Bikaner, and also an earthy brown shale used as fuller’s earth. 
The fuller’s earth has yielded the typical Laki foraminifera Assilina Icymerei 
and also species of Rotalia, Cihicides. Xoiiion, etc. 


KUTCH 

The Eocene marine invasion has left deposits m Kutch belonging to 
the Laki and Kirthar Series. One of the two bands is in the interior and 
rests upon the Deccan Trap, while the other, nearer the coast, overlaps on 
to the Jurassic rocks. 

The lower beds are gypseous, p\Titous and carbonaceous shales of 
Laki age overlain by Kirthar Limestones which attain a thickness of several 
hundred feet and enclose nummulites, echmoderms and other fossils. The 
Kirthars are succeeded by shales, calcareous shales and marls containing 
numerous lamellibranchs and gastropods which indicate a Gaj (Lower 
Miocene) age. 


GUJAK.VT 

There are two e.xposures of Eocene rocks in the area between Surat 
and Broach, .separated by tlie alluvium of the Kim river. The smaller 
southern e.xposure exteiiils for 10 miles northward from the Tapti and is 15 
miles at its widest. The larger exposure, between the Kim and the Narmada, 
is 30 miles long (X.E.-S.\\'.) and 12 miles wide. The basal beds are impure 
limestones and some laterite and contain such characteristic Ranikot 
Nummulites as Nummulites thaliciis, N. glohosiis and Discocyclina aff. 
ranikotensis. The beds above these contain Assilina exponens, Nummulites 
ramondi, Ostrea flemingi, Rostellaria prcsheiclii, Natica longispira and Vul¬ 
sella legiimen which are regarded as indicating a Kirthar age. The uppermost 
Eocene beds here, of Priabonian age, ha^■e yielded Discocyclina javana, D. 
cf. dispansa. PeUatispira indica. etc. Narayana Rao has suggested naming 
them PeUatispira beds. 

A large thickness (4,000-5,000 feet) of gravel, conglomerate, sandstones 
and shales of Miocene age overlies the Eocene limestones near Ratanpur 
east of Broach. 


PONDICHERRY AREA 

The discover}' of Lower Eocene foraminifera {Nummulites and Dis- 
cocvclina) was announced by L. Rama Rao in 1939 in some limestones in 

16 
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the Pondicherr\' area which was hitherto kiiov\ n to contain only Cretaceous 
rocks. Upper Eocene rocks with fossils of Lutetian to ISartonian age have 
also been found in some borings near I’ondicherry. It may therefore be 
e.xpected that an Eocene seipience will be found in this area overlvmg the 
Cretaceous rocks, and below the Cuddalorc Sandstones ot Miocene age. 

K.\J.\M.\HEXUKI R.VJ.VHMUXDR^'l 

The Infra-trappean sandv limestone of the Rajamahendri area contains 
a fauna whose age appears to be doubtful but probabR- L'pper Cretaceous 
according to Jledlicott and Blanford. The Inter-tiap))eans have in recent 
years yielded a rich algal flora containing Acicidaria, yecimyA. C/uira. etc. 
which hai'e a decided Eocime aspect. The age of these beds icuA’ be taken 
as earlv Eocene. 


ECOXOMIC MIXERALS 

Amongst the more important resources of the Eocene strata are coal, 
limestones and clays. In some cases they are also the source rock of petro¬ 
leum, though the petroleum may have migrated to later formation ha\-ing 
suitable constitution and structure to act as reservoir rock. Notes on 
petroleum will be founrl in the next chapter. 

Coal. —Coal seams appear to have been formed both in the Ranikot 
and Laki times, the latter being more e.xtensivc than the former. Ranikot 
coal is found in the Jfakerwal area west of the Indus. The Danrlot seam, 
which is found at various places in the Punjab Salt Range is of Lower Laki 
age. Coal of the same age is also found in the Kala Chitta hills. In the 
Palana field in Bikaner, lignite is found as a bed 20 to 50 feet thick and is of 
Laki age. ft is associated with marine shales including beds of fuller’s 
earth. In the Shillong plateau of .Assam (Garo. Kha.si and Jamtia hills) 
there are se\eral coalfields in the Sylhet Limestone Sta.ge. These coals 
are generally rather high in volatiles and in sulphur. The reserves of coal 
in this region have yet to he investigated but they mav lie of the order of 
300 million tons. 

The main coal-bearing formation in Upper Assam, east of Dhansiri 
valley, is the Barail Series. Coal seams are being worked in the Makiim, 
Nazira, Xamdang, Ledo and other fields. .A coal seam was encountered in 
the first bore-hole in the Xahorkatiya oil field in the Barails at a depth of a 
little less than 10,000 feet, the scam being about 10 feet in thickness and of 
quite good qualitv. 

Limestone. —The Eocene strata contain large resources of excellent 
limestones in the Nummulitic beds. Such limestones are extensiv'ely 
developed in Western Punjab, in the hills of the Sind-Baluchistan border. 
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as well as in the Svlhet district of East Bengal and in the adjoining parts of 
the Shillong plateau. Several of these limestone deposits are being used 
for the manufacture of cement. 

Clays. —There are also some clay deposits in the Eocene, though these 
are not of high quality or of refractory nature. Near .sohrarim and a few 
other places in the Khasi hills, the sandstones contain a fair amount of 
white and light coloured clay as matrix which can be recovered bv washing 
and used for the ceramic industrv. 
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General.—Towards the end of the Eocene there occurred a second 
great upheaval which contributed to the formation of the Alpine-Hima- 
lavan mountain systems. This had the effect of driving out the sea from 
most of the Himalayan area e.xcept along the southern border of the basin. 
In the Baluchistan .\rc, a shallow sea existed during the Ohgocene and for 
sometime later. The large thickness of sediments which were formed in 
the shallow seas on the western side of the Baluchistan arc consisted of 
calcareous sandstones and greenish shales of singularh" uniform appearance. 
They form the bulk of the ‘ flysch ’ formation similar to the Oligoccne flysch 
of Alpine region. To the east of the Baluchistan .Arc there was a bay, an 
arm of which extended along the foothill region of the Himalayas. This 
bay was gradually tilled up during the rest of the Tertiary. 

On the eastern side of India also there was a ridge along the Burma 
border, on both sides of which were sedimentary basins in which large 
thicknesses of sediments were deposited during the Tertiary. As is to be 
expected, fluviatile sediments were deposited at the head of the bays while 
brackish water and marine sediments were formed to their south in the 
direction of the open ocean. 

The sedimentation continued more or less uninterrupted until the 
Middle Miocene when a third mountain building upheaval took place along 
the Himalayan region and the Bahichistan and Burmese arcs. The Oligo- 
cene and Lower to Middle Alioccne rocks therefore form one stratigraphic 
unit. This is represented by the Nari and Gaj beds of Sind, the flysch of 
Baluchistan, the Alurree System of Western Pakistan and the Pegu System 
of Burma. 

Marine incursions took place also along parts of the coast of the penin¬ 
sula, as for instance, in Orissa and Travancore, and possiblj' also along the 
eastern coast. The Oligocene-Lowcr Miocene deposits may therefore be 
grouped under four types, viz., (a) an open-sea calcareous facies, {h) a shallow 
marine flysch facies, (c) a lacustrine facies, and (d) a coastal facies. 

SIND AND BALUCHIST.AX (CALCAREOUS F.ACIES) 

The Calcareous facies of the Oligocene-Miocene is developed in the Sind 
and Baluchistan mountains on the eastern side of the Eocene strata. Two 
main divisions are recognised, viz., the Nari and Gaj Series both named 
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after rivers on the Sind frontier. Both are characterised by niassiv'e lime¬ 
stones but sandstones and shales also occur, especially in the upper portion. 
When followed northwards, the arenaceous element in the beds increases, 
showing the approach to land in that direction. 

Lower Nari.— The Xari Series is well dei’elopod on the eastern flanks 
of the Kirthar Range and also to the west of the Laki Range throughout 
Lower Sind. It is divisible into two sub-series. The Lower Xari is variable 
in thickness, from 100 to 1,500 feet, and consists mostlv of limestones. The 
lower beds are white and massive but the upper are brown and yellow, 
inter-bedded with bands of shale and lavers of sandstone. 

Upper Nari.— The Upper Xari Beels reach a maximum thickness of 
4,000 to 6,000 feet and consist of thick-bedded grey sandstones and subordi¬ 
nate shales and conglomerate. The rocks are mostlv unfossiliferous but 
certain bands are crowded with LcpidiKvclina {L. dilutatu group) of very 
large size, often 2 inches or more across. 

The Xari Scries corresponds with the Stampian and Cliattian, coi’cring 
the greater part of the Oligocene. .Vmongst its le.ulmg fossils, most of 
which come from the loa-er duasion, are .— 


Foraminifera 

. . Xitiiimitlifcs iniermediu-i, X. vascus, LcpidocycUnu dilufata 

Corals 

. . Montilcallta vignei. 

Echinoids 

Brcynia jnultitubcrculata, Eupatagus fosiratus, Echinolampas 
discoidciis, Clypeaster simplex. 

Lamellibraiichs 

Ostrea fiiuisi, 0. orbiculayis. 0 iinguhita, Pecten lahadyei, P. 
articulaiits, Area semiforta, Lucina columbcllo, Cras^atella 
sulcata, Callistd splendida, C. exintermedia, Venus piierpera 
xQiT. aglaurae, V muliilamella, Pitar porrectus. 

Gastropods 

Terebra narica, Ancilla indica, Volufoiipina sindiensis, Lvria 
anceps, Cypraea siibexcisa, Cerithinm snuiicns, C. bhago- 
thorense. 


Gaj Series. —The Xari Series is overlain conformablv by the Gaj 
Series which attains a thickness of 1,500 feet and consists of yellow and 
brown limestones, either massive or rubbly, with intercalations of white 
arenaceous limestones, clays and gypsum. The lithologv indicates that 
the area of deposition was first marine and later became gradually estuarine. 
The two divisions of the Gaj have several fossils in common Init there are 
also some species exclusiveh' found in each dicasion. 

The following fossils are found throughout : 

Echinoids . . Breyiiia curinata, Eupahigiis palellarts, F^chniolumpai tacque- 

monti, Clypeaster profnndu%, Echinodtscits placenta 

Gastropods . . Vicarya verneuih, Tunitella angulata, Telescopiitni sub-trochleare, 

Olivancilla nebulosa. 
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Lameilibranchs ,, Pecten scahydlu^, P. sinatonus, Dosniia p^cKdoaygus, Vcuits 
gyaiiosa, Clcmcniia papyracea, Piscovs infoynns, Liicina 
columbclla, etc. 

The species found in Lower Gaj are Ostrea angnlata, Pecten lahadcvi, 
P. articulatus and Lcpidocyclinu marginala. Those in the Upjier Gaj arc 
Ostrea latimarginata (characteristic), O. gajensis, O. imhiicata, 0. gingensis, 
0. vestita, Pecten placenta, P. siibcorneus. Area pcethensts, A. hurnesi, 
semitorta and also some remains of Rhinoceros. 'J'he age of the Lower Gaj 
is .Aquitanian and that of the Upper Gaj Biirdigalian, both being Lower 
Miocene, and they correspond respectively to the Rembang and Njalmdung 
Series of Java. 


lULUCHIS'IAX (FLYSCH FACIES) 

Khojak Shales. —Beyond the calcareous zone, in Baluchistan, there 
occurs a vast series o'f sandstones, shales, and sandy shales constituting the 
llysch zone which includes the hills of the Zhob and Pishin \'alleys, the 
Khwaja .\mran range west of Quetta and almost the whole of the Mekran 
pro\'ince. This region is occupied by close-set ridges consisting mostly of a 
monotonous .series of sharply folded and sometimes overthrust sandstones 
and- slaty shales of a greenish colour known as the Khojak Shales which 
resemble the Oligocene flysch of Europe. In the region of northern Mekran 
the strata are friable clays. The typical Khojak Shales contain fossils only 
rarely. Amongst them are Nummulites (Camerina) intermedins, N. vascits, 
Lcpidocyclina (Eulepidina) dilatata, Rotalia, Trilocnlina, Globigerina, etc. 
They are apparently the equivalents of the Nari Series. 

Hinglaj Sandstones. —Large masses of sandstones with shale beds 
rest conformably upon these Oligocene clays and make up the Peninsula of 
Ormara and Gwadar, the Hinglaj mountains and other hills of the Mekran 
coast. The shale intercalations sometimes contain fossils, especially in 
the uppermost and lou ermost horizons. The lowest beds contain Tnrritella 
javana, Ostrea gingensis. Area hurnesi, Dosinia pseudo-argus. The upper¬ 
most beds contain Pecten vasseli as the commonest fossil and also Vertagus 
honneti, ( repidula suhccntralis, Ostrea frondosa, 0. cucidlata. Area divaricata, 

A. squamosa, .-1. tortuosa. The beds in the middle contain Titrritella angtdata, 
7. ha)damensis. T. handoengensis, Ostrea virleti, O. petrosa, 0. digitalina. 
Area inflata, Clemcntia papyracea, Circe cornigala. 

A large proportion of the Hinglaj species occurs in the Miocene of Java 
and Burma, the fauna of the upper portion bearing some resemblance to 
that of the Kankal Beds on the Madras coast. The Hinglaj Beds correspond 
to a part of the Lower Manchhars and are of Burdigalian to Helvetian age. 



xvni 


OLIGOCENE AND LOWER MIOCEN'E SYSTEMS 


487 


NOKTI r-EASTJiRN BALUC HI STAx\ 

Bugti Beds. —In the Bugti hills of Baluchistan the marine element 
of the Xari Senes becomes verv reduced, being represented by a small 
thickness of brovin arenaceous limestone containing the characteristic 
Niimmidites. These are succeeded by a series of flu\'iatile sandstones with 
the ch.iracteristic Gaj Ostrcae at the base, the beds above containing a rich 
vertebrate and fresh-water lamellibranch fauna including the ribbed Unios. 
(U. caniita, U. vicaryi, I", cardiformis.) 

The \'ertebrates include : 

Anthracothenum bugtiense, A ingens, Telmaiodon huglicnsu, Binc/iyndns gigatiteus, 
B hyopoianioides, Paraceratherium hugtiensis, Hcinuneyyx spccii^sii<, Accrathcrnim 
bitgiiens, Teleoceras blanfordi, Cadmcothernim ludiciim. Ualuchithcnuni sp . Ptcrodon 
bugtiensis, Amphicyon Aiahhn':i, Bhinoceros gajensis. 

Pilgrim originally considered the Bugti Beds as Ujiper Xari (Bji. Ohgo- 
cene to basal Miocene), on the evidence of vertebrate fossils. He later 
revised the age to Gaj on the strength of Wedenburg's work on the species 
of Ostrea found in these beds, re-e.xaminution of the evidence by the 
geologists of the Burmah Oil Co., has now led to the re-adoption of I'ppcr 
Nari age. 


POTWAR PLATEAU AXD JAMMU 

Xorth-western Punjab and the adjoining regions of Jammu and Kashmir 
contain one of the most complete Tertiary sequences in India. Tins region 
was once a basin of large dimensions in which were laid down very thick 
deposits of brackish and fresh-water origin during the Oligocene and 
Miocene times. The earlier deposits (Lower Murrees) are of brackish water 
ori.gin w hile the late ones (Upper Murrees) are fresh-water deposits. 

Fatehjang Zone. —The Chharat Series of Upper Eocene age is overlain, 
with an unconformity marked by a bed of conglomerate about a foot thick, 
by the Fatehjang zone which belongs to the basal part of the Murree Series. 
This zone consists of brown and grey sandstones and pseudo-conglomerates. 
The numerous large Nummulitc's with which their e.xposures are covered 
have been derived from the denudation of the earlier lieds. Several mannna- 
lian fossils, indicating a lower Burdigalian age, are found in tlie batelijang 
zone : 

Anthracothenum bugtiense, Hcmniieryx sp. Braclivodu^ <A. n/nemun. Pa!acoclioeru< 
pascoet, Teleoceras fatchjangense 

Murree Series. —The Fatehjang zone passes upward into the Lower 
IMurrees which consist of bright purple shales, hard purple and grey sand¬ 
stones and pseudo-conglomerates. They contain sparse fossils including 
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leaf impressions (c.g., Stihal major) anil some lamellibranchs. The red 
colour of the rocks points to heavy oxidation and rather dry conditions 
in the areas from which the sediments were derived. 

The Upper Murrees are distinct from the lower, especially in the Salt 
Range, being composed of soft, pale coloured sandstones resembling the 
Chinji (Lower Siwalik) Sandstones to some e.xtent. They contain impres¬ 
sions of dicotyledonous lea\-es and remains of mammalia including primitive 
rhinoceros. 

The Murrees are typically seen at and near the hill station of Murree 
and attain a maximum thickness of more than 8.000 feet. They are deve¬ 
loped in the eastern part of the Salt Range and are succeeded by the Siwaliks. 
They are regarded as of Burdigalian to Helvetian age (i.e., Middle Miocene) 
and as the equivalents of the L'pper Pegu rocks of Burma. 

The Murrees are the reservoir rocks of petroleum in the Khaur oil held 
of the Potwar plateau, though the petroleum probably originated from the 
underlying Eocene rocks. 


SIML.\ HIM.AL.AY.\ 

When followed eastwards from the Jammu area, the Murrees diminish 
in thickness and are represented in the Simla hills liy the Dagshai and Kasauli 
Beds which are roughly the equivalents of the Lower and Llpper Murrees 
respectively. These beds, together with the underlying Subathus, used 
to be included formerly under the Sirmur System. 

Dagshai Beds. —The Subathus are oi erlain by the Dagshai Beds 
which comprise a series of l ery hard, fine-grained grey or purplish brown 
quartzitic sandstones intercalated with seams of red clay. The clays 
predominate in the lower part but the sandstones gradually increase in 
proportion and thickness in the upper part. The sandstones are massive, 5 
to 20 ft. in thickness, and scarcely show any stratification. The clays are 
purplish brown, mottled with grey, and are harder than either the Kasauli 
or Nahan {Lower Siwalik) clays. Though no disconformity is apparent 
between the Subathus and the Dagshais, the former is L^^pper Eocene and 
the latter Lower Miocene in age and there is a stratigraphical gap between. 
The transition between the two is somewhat abrupt and is marked by 
pisolitic marl (a red clay containing calcareous concretions), purple shale 
and white sandstone with ferruginous concretions. 

Kasauli Beds. —The Dagshai Beds pass conformably up into the 
Kasauli Beds in which there is an absence of bright red clays. The Kasaulis 
are essentially a sandstone group with minor argillaceous bands, the sand¬ 
stones being grey to greenish in colour and generally softer, coarser and 
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more micaceous than the Dagshai Sandstones. The argillaceous bands 
are gritty, greenish or brown and weather into angular splintery chips. The 
Kasauhs are poor in fossils, impre.ssions of palm leaf {Sahal major) and Unto 
shells being found. The lithology indicates that the Dagshais are brackish 
water deposits and the Kasaulis fresh-water ones. 

In this region the junction zone between the Kasaulis and the Nahans 
is generallv a thrust plane. It is also possible that some of the rocks con¬ 
sidered to be Kasaulis are really Xahans. 

ASSAM 

The rock groups falling into the Oligocene and Miocene in Assam are 
the Barail and Surma Series. The Harails e.xtend up to the Chattian 
(Upper Oligocene) while the .^urmas are of .\(piitanian and Burdigalian age. 

Barail Series.— The formations which represent the Oligocene and 
Miocene in Assam have also different characters in different areas. The 
Oligocene is largely included in the Barail Series, the name being derived 
from the Barail range which forms the watershed between the Brahmaputra 
and the Surma valleys. In Upper Assam it consists of three stages ; 

3. Tikak Parbat Stage .. Carbonaceous shales and coal seams (1,500 ft.). 

2. Baragolot Stage . . Sandstones, carbonaceous shales and coal seams 

(1,000 ft.). 

1. Xaogaon Stage .. Sandstones (8,000 ft.j 

The Xaogaon stage consists of hard, thin-bedded, grey flaggy sand¬ 
stones forming prominent hills. The Baragolai stage shows alternating 
sandstones and shales with coal seams e.g., in the Baragolai Colliery. The 
Tikak Parbat stage is more or less similar to the Baragolai, the coalfields 
of Nazira, Makum, Xemdang-Ledo and Tikak being in this series. The 
boundary between the two upper series is drawn at the base of a thick coal 
seam. Mallet originally called these the ‘ Coal Measure Series ' of Assam 
(Mem. XII, part 2, 1876). The Baragolai Stage is the thickest of the three 
and is responsible for the largest number of oil shows. It is in the Barails 
that the oil horizon of the new- Nahorkatiya oil field, some 25 miles west- 
south-west of Digboi, was struck at a depth of some 10,500 ft. below the 
surface. The same bore-hole also showed a good 10-foot thick coal seam 
at about 10,000 ft. depth. 

The Barail Series occupies a large area north-east of the Haflong- 
Disang thrust but shows a different lithological aspect. It is well dev'eloped 
in the Surma A'alley, Xorth Cachar and the Khasi and Jaintia hills, where 
also it is divided into three series : 

Roiji Stage . . Hard ma.ssive sandstones and very subordinate shales (3,000 

ft)—Chattian. 
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Jt}uu}i Stdi^c . vSandistont's alternatiiii^ with dominant shales and carbona¬ 

ceous shales (3,000—4,000 ft)—Lattorhan, 

Liusoh^ . . Hard, thin bedded sandstones and subordinate shalc'. ^6,000 

—8,000 ft)— Bartonian to Auvcrsian. 

The Laisongs, like the Xaogaons, form prominent scarps w ell expuseil in the 
llarail Range. The Laisongs are roughiv ccjuivalent to the Xaogaons 
while the Baragolois niav rejiresent l'p|ier LaLsong and Lower Jenam. 
The Tikak Parhat Stage is thought to represent Upper Jenam and Lowi r 
Renjj. The Barails apparently extend .southwards through the <ilmost 
inaccessible Assam-Arakan mountains into Ramree island. 


The Barails in both the areas are mainly arenaceous but the sands 
increase in coarseness in a north-westerh' direction. The argillaceous and 
carbonaceous contents, especially the latter, increase in a norlh-easterly 
direction. There are no coat seams in the Surma \ alle\- but they begin to 
appear east of the main Dhansiri valley, the seams being often 10 ft. thick 
north-east of the Dayang valley. The best development is found in the 
neighbourhood of Ledo, Though thin seams are present at se^■eral hori/ons 
in the Baragolai and Tikak Parhat Stages, thicker seams are confined to 
coni[iarati\-ely small parts of these stages. 


The Barails are poor m fossils though they are marine to estuarine in 
large jiart. Some micro-foramimfera and larger fossils hd\e been found, 
from which they are regarded as extending from Upper Rocene to ('hattian 
(Upper Oligocene). .At the top of the Barails there is a marked unconfor¬ 
mity all over Assam, indicating a [leriod of uplift and erosion. The un¬ 
conformity probably co^•ers a large jiart of the Oligocene in places and 
there are great variations in the thickness of the Reiiji Stage. 


Surma Series. —The Surmas, which follow' the unconformitv over the 
Barails, are generally comparatively thin in upper Assam, not exceeding 
2,000 ft., and sometimes even absent and overlapped by the Tipains. To 
the south-west they greatly increase in thickness, being 10,000 ft. thick at 
the head of the Surma valley and 20,000 ft. in the Arakan region. The 
sub-divisions recognised are :— 


Roka Bil Stage 
(3,000—5,000 ft) 


Rhuban Stage 
<4,000—8,000 ft.) 


/Sandy shales, silts, sandstones, temiginoiis -.andstones—- 
\ Burdigalian. 


f Lpper 
Jliddle 
I Lower 

i 


: Congltmit rates, sandstones and sandy shaUs— 
-Xtjmtanian 

: Shales, sandy shales and some conglomerates— 
Arjuitanian. 

: Sandstones, sandy shales and conglomerates— 
Chattian ^ 


The Bhubans, which take their name from the prominent scarp of the 
Bhuban Range in North Cacher, are mainly sandstones and shales, with 
some conglomerates, the relative proportions of the first two varying 
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considerably. The lower series contains roughly eijiial proportions of the 
two, while the middle is more shaly and the upper more sandy. In the 
Jlikir hills the unconformity below the Sunnas is well seen and they- trans¬ 
gress over the Barails and Jaintias on to the metamorphics. The basal 
conglomerates of the Surmas as well as the Barail rocks are haialer than the 
middle and upper jiart of the lihutans and form the more rugged topography 
which represents roughly the pre-."surma topography of the area. 

The Surmas, though also mainly arenaceous, are strikingly ilifterent 
from the overhung massive, coarse, ferruginous, false-bedded sandstones 
of the Tipam Series. The Sunnas are poor in Carbonaceous material, thus 
contrasting with the coal-bearing Harails below and the ligmte-b,ianug 
Tipams above. 

The Bhubans are almost devoid of identifiable fos-.ils thoiigli shell 
fragments are found in .sex'cral e.\|iosures. Only at Kanchanpur in the 
Surma valley was a good collection of molluscan fossils got winch are 
allied to the I'ppcr Pegu forms of Aipiitauian age (Lower Gajl. 'I'he com¬ 
mon genera are Basilissa, CanccUaria, Hippoityx and .Scii/iis. Molluscan 
fossils ha\'e also been obtained from localities in the Arakan coast. 

The Boka Bil Stage consists of soft sandy shales or alternations of 
sand and shale layers. In some places they contain also lenticular ferru¬ 
ginous sandstones. In Upper Assam they ha\'e not Iieen identified : they 
are thin in the Naga Hills and increase to 3,000 ft, in Surma \-alley and 
5,000 ft. in the Arakan region. In some places there is a gradual lateral 
passage from Boka Bil Stage to tlie Tipam Sandstones. There are fossili- 
ferous exposures in the BokaBilsin the south-west of the Shillong plateau. 
Vredenburg (1921) and Mukherjec (1939) have described the fossils from 
Baghmara and Dalu and the fossils indicate that the Boka Bils are of Burdi- 
galian age. The more important genera in the Garo Hills are : — 

Lamelilbranchs . . Area, Canliiim, Chlamys, Dosinia, Barbatui, Drill in, Liicina, 
Ostrea, Mactra, Piiav, Nucula, Xnculana. 

Gastropods .. Architectomca, Katica, Stnum, Mitra, Tuitilella, Oliea, 

Terebra, Conus. 

BURMA : PEGU SERIES 

The Pegu vSeries occupies the tract between the Irrawaddy and Sittang 
ri\’crs including a large part of the Pegu Yomas. It is also found west of 
the Irrawaddy between the Eocene strata and the later Irrawaddian Beds. 

It IS marine in the south but fluviatile to continental in the north, and, 
because of the lateral variation, the correlation of beds in different areas 
is not an easy matter. Table 68 shows the classification of the Pegu? 
adopted by the Geological Sur\'ey. 
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Table 68.—The Pede Sekikn (G. S. I.) 


Akauktaung .Stage 

C'lnts, conglomerates, sandstones 
and some shales. 

Viiidubonian 
(L Siwalik) 

Pyalo Stage 

.Sandstones, shales and pebble 

Burdigalian 

(1,500 ft) 

beds containing Odrca lati- 
marginata. 

(Up. Gaj.) 

Kama Stage 

.Sandstones and shales with ricli 

At|ujtanian 

(1,500-2.000 ft.) 

gastropod fauna. 

(Lr. Gaj ) 

Singu Stage 

Sandstones and shales with nu¬ 

Chattian 

(1,500 ft) 

merous molluscs 

(Up. Xari) 

Sitsayan Stage 

Shales and sandstones with Lepi- 

.Stampian 

(1,500-3,000 ft) 

docycltna. 

(Lr Xari ) 

Shwezetaw Stage 
(3,000 ft.) 

Sandstones with Ampullina bir¬ 
manica 

I..attorfian 


The Shwezetaw Stage consists of shales in Lower Burma but becomes 
arenaceous when followed northwards. In the Minbu district it is a shallow- 
water sandstone. Thin coal seams of poor quality with numerous sandy 
partings occur near the Yaw river. Near Shinmadaung, north of Pakokku, 
the .sandstones contain Ampidhna birmanica. Other fossils found are 
Cardita cf. mutahdi'i, Ostrca spp., Mcarya sp., etc. 

The Sltsayan Shales are well developed in the Henzada and Prome 
districts. They are mainly blue clays with poorly developed bedding but 
contain beds of marl and thin sandstones especially in the upper part. 
Amongst the fossils are Tritonidea, Corbula, Peclen, etc., while Lepidocvclina 
theobaldi occurs in the upper part. 

The Padaung Clays of the Minbu district which are blue clavs with 
some grey limestones, are their e<jui\-alents and contain Nucula alcocki, 
Tellina indiffcrcns, (lenuta irravadica, Cyprceu siibexcisa, Clavilithes seniinudus, 
Hindsia pardalis, Athlcta theobaldi. Lyria varicosa. 

Singu Stage. —The Pegu rocks e.xposed in the Singu and Yenangyaung 
oil-fields are typical of this stage, being sandstone* and shales. This stage 
IS represented in the .Minbu district by shallow marine deposits and in 
Pakokku by estuarine depo.sits. .Among the fossils of this stage are : 

CoraN . Dendrophyllia digitalis, I), macroriana. 

i^amtllibranchs . . Lima protosqiiamosa, Plena suessiana, Scptifer nicoharicus, 
\ ucitla alcocki, Cardita scabrosa, Trachycardiiim minhiicyise, 
Pitar protolilacina, Corbula rugosa 

Gastropods .. rchitcctomcu maxima, Sigaratiis neritoideiis, rurritella angulata, 

\ icarya verneiiili. Cassis birmanica, Tritonidea martiniana, 
Athlcta jacobsi, ^Iitra singuensis, Ancilla birmanica, Genota 
irraiadica. Conus odengensis. 

Kama Stage. —This stage is named after Kama, 18 miles from Prome 
and consists, in Lower Burma, of blue shales and sandy shales with 
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occasional sandstones. It has been called the Padaukpin clay in the fha- 
yetmyo district. It consists of soft sandstones and shales with brackish 
and fresh-water fauna. The fauna of the Padaukpin clays includes— Leda 
virgo, Corhuln socialis, Turritella acuticarinata, T. angulata, Rimella ]avana, 
Pvntla pronicnsis, Cassuiariu cchinophora. Ranclla aiitiqiia. Conus odengensis, 
Dnllia protocincta. 

The mammalian fossils fouiul in this stage are : 

Anthracothendae . Telniaiodon sp. 

Rhinoceratidae . . Caduycotheriiim sp. 

Tragulidac .. Dorcatheriiini birmunicmn. 

Pyalo Stage. —This is an arenaceous stage found in Lower Burma 
around Pyalo on the Irrawaddv, and characterised by the occurrence of 
Ostrea latimarginata. Tcrchra proinensis, Tnrritt'Ua piufohU and Ferehra 
mvaiingiii'usis also occur. 

Akauktaung Stage.—Named .ifter the .\kanktaung hills in the 
Henzada district, this stage comprises grits, conglomerates and yellow 
sandstones with bands of blue shales .ind calcareous siiidstone. The marine 
fossils m this stage include Os/rcii giugiiisis, 0. rirldi, .ircu hitnicsi. Cytherea 
erycina, Dione dithiosa, Tiiri-itclla acuticannata, T. simplex and Conns literatus. 
The fresh-water representatives of these beds in Upper Burma have yielded 
Cyrena petrolei and Batissa craufordi. 

The geologists of the Burmah Oil Company have adopted a different 
classification of the Pegus in which the two lowermost divisions are the 
same as those in the Geological .Purvey classification. .\n unconformity 
and palaeontological break occurs in the middle of the series, the portion 
below it corresponding to the Oligocene and that above to the Miocene. 
The classification, as published by G. W. Lepper, is shown below :— 


Table 69.— The Pegu Series (B.O.C.) 


f ObogoH alternatunis {3,000 ft). RapKlly alternating 
tliin beds of sands and sandy clay or clay. Dften 
missing in the north 

Kyaiikkok sand^itanes (5,000 ft) Include the IVome 
sandstones and the highest IVgii sandstones ot the 
-j central oilhelds. Yellowish brown sandstones and 
subordinate sandv shales with a rich lamellibranch 
fauna . . 

Fyawbice clavs (3,000 It ) Concretionary blue sandy 
I clays and thin sandstones with gypsum. Fos-^ils 
L abundant 


Vmdbonian 


Burdigahan 


Aijuitanian 


Unconformity 

f Okhynintaung sandstones (3,000 ft.) Massue sand- 
; stones, sandy shales with thin grey clays 
J Padanng clays (2,500 ft). Blue-grey clays with 
’ limestone bands 

\ Shwezetaw sandstone (2,000-4,000 ft). Arenaceous 
in the north and argillaceous in the south 


Cnattian 

btampian 

Lattorfian 
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The Pegu strata show a great deal of variation in constitution from 
place to place, the marine facies of the southern areas gradually changing 
northwards into brackish and fresh-water facies in Upper Burma. The 
upper beds in the north contain fossil wood, which may be carbonaceous, 
calcareous, siliceous or ferruginous, but less abundant than in the overlying 
Irrawaddy system. 


PETROLEU.M 

It is now generally agreed that petroleum originates from low inai ine- 
organisms and that the source rocks are marine shales, silts and limestones. 
The accumulations of the oil into workable pools depends on the presence 
of porous sands or limestones folded into anticlines, domes or monoclines 
and covered with an impermeable shaly cap. Generally, therefore, petro¬ 
leum and associated natural gas migrate into such suitable structures and 
stratigraphical traps from which they can ultimately be won. 

The Lower Tertiaries of India. Pakistan and Burma constitute the 
chief source rocks of petroleum. But owing to the fact that the greater 
part of the likely areas ha\-e been violently folded and faulted during the 
Himala\-an orogeny, unbroken petroleum-bearing structures are few and 
many areas of oil seepages which ha\'e been closely e.\amined have been 
, found to be barren of workable petroleum deposits. The Tertiary belt of 
Burma and a few localities in Upper Assam and in the Potwar plateau are 
the only areas which have so far proved to contain useful deposits. A'erV 
careful search for other suitable structures may help to locate a few ne\v 
fields. 

Interest has been roused in recent years in the deltas and alluvial 
troughs of the Indus, Ganges and Brahmaputra as they are likely to contain 
suitable hidden structures in the Tertiaries beneath the thick allurial 
mantle. The Nahorkatiya field some 25 miles S.S.W. of Digboi, in which 
oil has been struck in the Barail formations at a depth of a little over 10,000 
ft., is actually in the Brahmaputra \ alle}- outside the Tertiary area which 
has been cut off by the Naga thrust. In the Brahmaputra and Ganges 
valle\-s oil pools are likely to be found in stratigraphical traps and 
unconformities as also in gently folded structures. 

Burma. —The Pegus contain the chief petroliferous horizons of Burma. 
The petroleum has apparently migrated from older beds into the anticlinal 
crests in the Pegu Sandstones. The petroleum and gas are kept in by 
beds of impervious argillaceous strata capping the sands. 

The most productive oil-fields of Burma are those of Upper Chindwin, 
Yenan.gyat in the Pakokku district, Singu (Chauk) in Mvingyan, Yenang- 
yaung in Magwe and some minor fields in ilinbu and Theyetmyo. The 
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main ('hindwin-Irrawadch' vallev is a syiicline with a monocline on the 
west and series of broad folds on the east. The main oilfields are situated 
on the first anticline east of the main syncline. Yenangyaung is the most 
producti\’e field in Burma and has maintained its high production (about 
130 million gallons per year) for a long period. Singu ranks second with a 
production of 90 million gallons, the producing samls here being at depths 
of 1,400, 1.800, 3,000 and 4,500 feet depth. Lanywa i-, on the structural 
continuation of Singu. Yeiiangvat and Sabe are on a structure slightly 
to the east of the Singu one. The Indaw field in Upper Chindwin is the most 
northerly field now worked, while the southernmost group includes the 
Minbu, Yethaya and Palanyon fields. 

The first de\ elopment in Burma took place in 1887 m 5'enangyaiing, 
followed liy Yeiiangwit, Singu and L.anywa. The bulk of the total produc¬ 
tion of 37.7 million tons iipto 1942 has been contril nited b\- Yenangyaiing 
and Singu. i la oilfields were jmt out of .ictiou as a war niLasure m 1942 
but they have gradually been rehabilitated since 1950. afost of the ml is 
of good quality with fairly high content of paraffin wa.\. 

Assam. —Oil ami gas shows are fairly numerous in Upper Assam and 
Surma \-alle\' down to the .\rakan and a few occur along the southern 
border of the Shillong plateau. Practically all the major di\ isions of the 
Tertiary .group below the Boka Bils give such indications, particularly the 
Barails. The Tipams hai'e oil shows only in the Brahmaputra valley in 
I'pper Assam. The oil sands of the Digboi oilfields are in the Tipams, the 
producing bands ranging in depth all the way down to 5,000 ft. The now 
abandoned Badarpur field produced from the Bhuban Senes. .4 small 
production has been obtained from the Barails in the Makum area while 
the new Xahorkati\'a field west of Digboi now produces from the Barails. 
It is not known whether the Barails are the source rocks in all cases, but 
It is generally agreed that the oil in the Tipams has migrated from an older 
formation. Both Badarpur and Digboi are situated on tightly folded 
asymmetrical anticlines with major thrust faults cutting the steeper flanks. 
At Badarpur several producing horizons were struck in Lower Bhubans 
and in the Upper Barails within a depth of 1,500 ft. Some 60 wells were 
drilled here and the field was producing only between 1915 and 1932, yielding 
about 20,000 tons annually. The Masimpur and Patharia fields, in spite of 
much attention and drilling e.xpended on them, haie gi\eii onlv a very 
small output. 

The Digboi field was discovered in 1889 and until 1921 the production 
was less than 20,000 tons per annum. Thereafter it rose to over a quarter 
of a million tons. Most of the producing sands are in the Tipams. The 
field is about 10 miles long and the structures narrow, being cut off on the 
north-west by the Xaga thrust which brings the Tipams against the allu- 
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vium. The oil is of mixed paraffin and asphalt base with an a\’erage sjiecific 
gravity of 0.850 (0.823 to 0.879) and yielding excellent paraffin wax. lubri¬ 
cating oils and some bitumen. The total production to the end of |952 
from Digboi is estimated at over 6.5 million tons of crude oil. 

The Nahorkatiya field is outside the Xaga thrust area, in a gentle 
anticline in the Barails. It was discovered by geophysical methods, the 
producing sands being at a depth of over 10,000 ft. It began production 
in 1953 and is considered to be promising. 

Oil shows are also known in the Arakan area but there is no producing 
field. Much exploration and drilling have been done in the Tertiaries of 
Upper Assam, mostly with disappointing results. There are possibilities 
of discovery of oil-bearing structures in Tripura and Chittagong hill tracts 
and underneath the Brahmaputra valley and the Ganges delta. 

West Punjab. —In the Potwar region of Mest Punjab, which is 
the only oil producing area in Pakistan, there are four producing oilfields 
namely Khaur, Dhulian, Joya Mair and Balkassar. Tlie first two are 
elongated domes along the northern side of the Scan basin while the latter 
two are m the more gently folded southern flank of the basin. The full 
stratigraphic succession is exposed along the Salt Range which forms the 
southern edge of this basin. But within the basin itself the Eocene directly 
ON'erlies beds of Permo-Carboniferous age and is succeeded b.v conglomerates 
and sandstones of the Murrees and Siwalik Systems, ranging from jOocene 
to Pleistocene. The Murrees and Siwaliks lie unconformably on the Eocene 
but without marked discordance of dip. The folding of this basin is severe 
in the north in the Kala Chitta hills, but becomes more and more gentle 
in the middle and south. The source rocks of petroleuni are considered 
to be of Eocene age, mainly the limestones of the Middle Jfocene. Oil has 
been found in the Eocene (Sakesar Limestone) at Joya Mair and Balkassar, 
A few oil shows occur on the surface in the Middle Eocene and particularly 
in the passage beds where thej' change from marine to brackish water 
character. 

The Khaur oilfield was developed in 1915 and oil has been obtained 
from various horizons of the Murree Sandstones and from Eocene limestones 
from a depth of 150 to 1,600 ft. Most of these sands, however, produced 
onlv small cjuantities of oil. More steady production ha-S been obtained 
from the Eocene rocks at a depth of 5,400 ft,, mainly from limestones. The 
total production from the Khaur oilfield upto 1952 has been of the order of 
3.5 million barrels, the annual output having varied from 6 million gallons 
to a maximum of 19 million gallons. From a study of the conditions in 
this oil field it is clear that the oil which migrated upwards from the 
Eocene beds was trapped in Upper Tertiary Sandstones. The character of 
the oil in the Khaur field has r aried with the depth. In the sands dow n to 
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1,000 ft. depth, the oil has a specific gravity of 0.880 with only small amounts 
of wa.x and asphalt. At greater depths the oil is somewhat lighter, but with 
more asphalt and wa.x. It is probable that the two types of oil originated 
in separate strata in the Eocene. 

The oil in Jova ilair is dense, highly viscous and of poor cpiahty. That 
of Balkassar is somewhat better. Generallv gas jiressure is poor and the 
Eocene reservoir rocks at depths of 7,000 to 8,000 ft. have highl\’ \-arying 
permeability. These fields har'e been developed only since 1935. 

The Dhulian field was drilled in 1937 but began production only some¬ 
time afterwards. It is the most productive of the four fields ha\ing 
produced over three-quarter million tons from Eocene rocks at a depth of 
around 7,700 ft. The oil is of excellent quality but the output is steadih’ 
declining since 1944. 

Other areas.—It is likely that the Tertiaries and even the pre-Tertiary 
sediments in other areas contain petroleum. Such are Sub-Himalayan 
region where generally the strata are much broken up by thrust-faults ; 
the Tertiary belt of the Burmese and Baluchistan arcs ; and the Indus 
and Ganges valleys and deltas which cover Tertiary rocks. It is also 
likely that the areas covered by Tertiary rocks along the eastern coast, and 
particularly the South Arcot-Tanjore region, may contain oil. A large gas- 
field has been found at Sui in the Sind-Baluchistan area and is being dec-e¬ 
loped. Prospecting operations are being conducted in the Indus and Ganges 
deltas and in the Brahmaputra valley of Upper Assam for discovering 
possible petroleum-bearing structures. 

IGNEOUS ACTRTTY IN THE EXTRA-PENINSULA 

The extra-Peninsular region bears evidence of considerable igneous 
activity especially during the earlier part of the Tertiarj". Large masses of 
tourmaline and hornblende granites were intruded in the Central Himalayan 
region mainly during the second and third erogenic upheavals at the end 
of the Eocene and in the Miocene. Too little work has been done on the 
igneous rocks in the Himalayas for us to be able to differentiate between 
products of the activities in the different periods. Many of them are still 
designated by the general term Central Himalayan gneiss or granite. 
The granites of Karakorum and particularly those of the Trans-Himalaya 
Mountains are probably of Cretaceous or earlier age as they have contributed 
materials to the Eocene conglomerates of Mount Kailas. 


THE PENINSULA 

Kutch. —Two bands of Tertiary rocks occur m Kutch. The Eocene 
is overlain by Nari and Gaj strata comprising buff coloured limestones with 
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interliedded variegated shales and marls. These beds are o\-er 1,000 feet 
thick and dip towards the coast. The Lower Xari contains Nummulites 
intermedium and the Upjier Xari Lepidocydina. The Gaj strata are rich in 
fossils including Rrcxnui curinatu, Ostrea unyuhita, O. gingcnmis : Tcrehra 
kachhenmis, Pleiirotuina hotunii, Drillia kachhenmis, Lithcconiis udeiigensis, 
Oliva iiustralis var. iiidica. Athlcia dcntata, Lyna j/igosa, Ranella hnfo, Rimella 
sidirimosa, Turritcthi anguhitu. They are o\-erlain by the eciuiwdents of the 
Siwalik System. 

Gujarat.—The beds above the Eocene of Broach, exposed near Ratan- 
pur east of Broach, attain a thickness of 4,000 to 5,000 ft., and consist of 
gravels, conglomerates, sandstones and shales. The conglomerates contain 
abundant pebbles of jasper, carnelian. agate etc. (h'rix i'd from the ainygdales 
of the Deccan Traps. They are (|iiarried from tliese Iieds and cut and 
polished as semi-precious stories at Rajpipla and Cambay, 'the sandstones 
and shales have yielded shells of Haluni which are common m the (jaj beds 
of Sind, and also Calcarina, Actinocyclnia. Lepidotyclnia cauel/i. Xcphrolc- 
pidina sumatrensis, Bacitlogypsw.a. Miogypmina. Aiistmtiillina hoa'chini, 
etc. which unmistakably indicate tliat the beds comiirise bmli Lovwr and 
I'pjier tiaj (Lower to .Middle .Miocene). 

Ratnagiri. —On the Ratiiagiri coast, south of l>omba\', beds of Gaj 
age are exposed, owrlain by laterite. 'I'lie Gaj Iieds are bluish clays with 
sandy and gravely lavers, sometiines with lignitic materia! and nodules of 
resin and jiyrites. 

Baripada Beds. —At .Molia near ICinpaila. tlie capital of the former 
State of .Mayurbhanj in Orissa, there are (exposed \ello\\ and yellowish brown 
limestones full of shells of Ostrea ire.sembling (K gaieasis). These limestones 
pass upwards into thin-bedded greyish w hite or pale greenish clavs. bimilar 
sections are seen around Baripada under a \'arying thickness of laterite 
averaging 20 feet. .A boring at Baripada traversed through 150 feet of 
these rocks without reaching the bottom. >e\eral fossiliferous beds were 
traversed, especially one layer full of Rn/alia at a dejith of 142 feet. These 
beds arc regarded as of Miocene age ((ja|). Beds of about the same age 
occur near Cuttack and in the .Midiiapiir district of Bengal. 

Ouilon Beds. —.At Padapjiakara near (Inilon, I'raxancore State, well 
sections reveal the ('xistence of iuuestones, .stmds and clavs within a few 
feet from the siirfacix I'lie limestones are also exposed in a cliff section 
near the coast in the c'icinit\’ of Ouilon. I h ■ limestones ha\’e yielded 
abundant Orlactdina maluharica and several other fo.ssils amongst which 
are :— 

■Corals . . Stvlnpora pulchernnm Lrplncvutitus cf. tptliiecata. 

Lamellibranchs .. Parallelnptptdum p>,iti>-/nitii<‘Siiiii, Aica theohaldi, Xiiciila 
LUHcellata, Pcctunculus sinc/uiisis. 
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Strombiis fortisi, Conm cateniilaliis, C. hanza, Ri)nella subri- 
mnsu. Valuta jugosa. 


The fauna seems to be cbisely related to that of (laj beds and to some extent 
to that of the Kankal beds. It is of Burdigalian age, i.c.. Middle Miocene. 

Ceylon.—Beds of about the same characters as those of Onilon occur 
along the north-western coast of Ce\'lon ivherc they ha\e been called 
Jaffna and Kudremalai Series. They are composed mainl\- of 
limestones and mottled sandy shales. 7'he limestones are fairh’ rich in 
fossils, which include the foramimfer Orhiculitia tnalaharica. .Vmongst the 
fossils are :— 


Foraminifera 

Echinodcrms 

Gastropods 

LamelUbranchs 


Orhicnlina malaharua, Opercuhna sp , Flo^culinella .sp , Mitio- 
liciac (several species). 

Clypctisttr dfprfssus, Schi.cistti sp. 

T}aihits coguatu<, [\'iu^uint'llu cccrm, Xaticu i ostuliuct, Ceyi- 
t/iniin cf niilc, Ovida tillpzoidcs, Oliva pupa. Conns bievis. 

Area pectliciisis, Ancula cf sues^uina, SponJ\lus rouaulti, 
Cardium slitirpei, Cardita inlcnnedia, Oslrea I'lile/i. 


The fauna was described by E. J. Wayland and A. .M. Davies [Q.J.G.S. 
79, p. 577-602, 1923) and assigned an Upper Miocene age. But after a 
critical e.xamination, Eames [Geol. Mag. 87 p. 53-56, 1950) has come to 
the conclusion that the fauna of the Ouilon and Jaffna beds are not of 
Upper Miocene but of Burdigalian age and closely allied to that of the 
Gaj bods. 
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CHAPTER XIX 


MID])LE MIOCENE TO LOWER PLEISTOCENE 

North-western India : The Siwalik System 

Introduction. —The termination of the Murree period in the middle 
Miocene coincided with the third, and perhaps the most violent, episode in 
mountain building on the northern borders of India. This must have been 
accompanied by a considerable raising up and folding of the strata laid down 
in the Tethys into mountain ranges and by large intrusions of igneous rocks 
into the cores of the folds. A long, narrow depression was formed in front 
of the rising mountains, i.t’., towards the side of the Peninsula, This depres¬ 
sion (called the forc-decp) was the site of the deposition of the Siwalik strata 
which commenced in Middle Miocene. Most of the sediments were derived 
from the denudation of the newly risen mountains. Numerous short 
streams must hai'e flown from the mountains into the fore-deep in a direction 
transverse to the latter, and contributed to the water being kept fresh. 
The rise of high mountain chains to the north of India would have helped 
to establish the monsoon climate and a high precipitation of rain on the 
southern flanks of the mountains. The great aggregate thickness (16,000 to 
18,000 ft.) of the deposits and their general coarseness give evidence of 
continuous deposition in a shallow body of water whose depth kept pace 
with the accumulation of sediments. This sinking was probably aided by 
the gradual compression to which the crust was subjected, at least intermit¬ 
tently, during the period of sedimentation. 

Distribution. —The Siwalik System takes its name from the Siwalik 
hills of the Hardwar region between the Ganges and Jumna ri\-ers. It 
e.xtends continuously along the foot of the Himalaya from the Brahmaputra 
valle}' on the east to the Potwar plateau and the Bannu plains on the west. 
Its equivalents intervene between the Indus plains and the carlv Tertiaries 
of the Sind-Baluchistan hills. The re-entrant angle near (Juetta e.xhibits a 
complete development of these rocks, the Zarghun mountain mass in this 
region forming a synclinal of these rocks. Similarly, in the Burmese arc, 
we see their equivalents on both sides of the .\rakan Yomas, both in Assam 
and in Burma. 

The rock groups have received different names in the different areas. 
They form the Siwalik System along the outer Himalayas ; the Manchhar 
System in Sind ; the Mekran Series in the Mekran region of Baluchistan ; 
the Dihing Series in Assam and the Irrawaddy S\*stem in Burma. 
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Constitution. —The Snvalik System is made up of sandstones, grits, 
conglomerates, pseiuio-conglomcrates, clays and silts ha\-mg the characters 
of fluviatile deposits of torrential streams and floods m shallow fresh-water 
basins. The fossils included m them show that the earlier beds were depo¬ 
sited in a somewhat brackish environment as compared with the later ones. 
Some of the latest deposits may be continental, i.e.. left on dry land by 
temporar\- hea\ v floods. There is a considerable amount of ferrugmated 
matter, especiallv in some of the older horizons, which indicates that the 
sediments were deru’ed partly from an old and well oxidised terrain. 
Coarser and finer sediments alternate. The sandstones show poor strati¬ 
fication and are .generally ungraded as to gram size. They are feldspathic, 
micaceous and current-bedded and some of them have clearly been derived 
from the breakdown of the central Himalayan granites. 

The Siwaliks ha\-e been in\-oh-ed m the later phases of Himalavan 
orogeny, for we find them often folded, faulted, overthrust and lying at 
steep angles against other formations. Where overthrust, there is often an 
inversion of the normal order of superposition. The main overthrust in 
which the Siwaliks are in\-ol\'edused to be called the ‘Main Boundary Fault", 
but recent work has shown that there are at least three major thrusts in the 
Himalaya in addition to less important local ones. These thrusts may, 
in some instances, mark the limits of deposition of the older series involved, 
but there has been so much movement that even within the Siwaliks the 
older strata are found thrust o\-er younger ones and lying with very abnormal 
dispositions. 

Conditions of deposition. —The coarse and often ungraded sand¬ 
stones show that they must have been borne by rapidly flowing and large 
masses of water and laid down in wide depressions of shallow water or in 
swampy areas. The alternation of coarse and fine sediments suggests 
seasonal deposition, the coarse materials during floods of the w'et season 
and the fine sediments during the drier season. The extraordinary similarity 
of the deposits o^•er long distances along the strike would show that the 
source rocks were similar and that the basin of deposition was practically 
continuous. The large thickness of the coarse materials makes us infer 
that the area of deposition was sinking in pace with the sedimentation. At 
the same time there was a gradual southward shift of the basin with each 
fresh pulse of the uplift. It is almost certain that the Siwa'iks extend down 
for several miles underneath the alluvial cover of the Indus and Ganges 
c’alleys. 

The occurrence of this important strip of fluviatile rocks all along the 
foot-hill regions of the Himalaya from Assam to Punjab and thence to 
Sind has led to the view, ad\ ocated by Sir E. H. Pascoe and Dr. G. E.Pilgrim 
that the Siwaliks were laid down in the flood plains of a single large river 
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(the Indobrahm or Siwalik River) which rose in Assam and followed the 
present line of distribution of these deposits. The present author and 
N, K. N. Aiyengar have discussed this question (Rec. 75, Paper No. 6, 
1940) and shown that the available evidence points to the basin of deposi¬ 
tion being a continuous lagoon or foredeep formed in front of the Himalayan 
range. 

Climatic conditions. —The Siwalik deposits give eiidence of a warm 
humid climate through the greater part of the period of sedimentation. 
The coarse materials, which are often fresh, may have been derii’ed from the 
north and the finer ferruginous clays from the ancient Peninsular area to 
the south, the one contributing material during the wet flood season and 
the other during the dry season, .^ome chemical decay may lun e also taken 
place under the swampy conditions in which the sediments were laid down. 
The earlier Siwalik period—that of the Lower Mwaliks and the lower part 
of the Middle ^iwaliks --was a)i|>arently a wet period, or alternati\ely, the 
sediments were deposited in shallow water. In Dliok P.ithan times there 
IS evidence that the humidity was less and that thi- sedimentation took 
jilacc in partly marshy and partly ilry land. The ilisturbance at the end of 
the Middle Siwalik times raised the deposits into dry land and shifted the 
basin southwards. The Upper Siwaliks again show the return of wetter 
conditions. Towards the end of Tatrot times another uplift took place 
and the climate became distinctlv colder. The animals which ]i\X‘d in the 
marshes and valleys migrated away or died, as the subsequent deposits 
were of semi-glacial character. 

Organic remains. —The great bulk of the .Siwalik formations is 
unfossiliferous but certain areas are rich in fossils. These include plants, 
mollusca. Ashes, reptiles and mammals. The plant remains consist of leaf 
impressions in clavs and tree trunks m sandstones. The tree trunks are 
silicifled but in most cases the finer woody structures are not preserved. 
The mammalian remains are the most important fossils as they are of great 
help in dividing the formations into stages and as they indicate the stages 
of dei'elopment through which the animals passed before the\' disappeared 
from the scene of life. The present day mammals in India are but the poor 
remnants of the rich variety that lived formerly in the swamps and forests 
of the Siwalik basin. 1 he relics consist of hard, bony parts, skulls, jaws 
and teeth. Their abundance testifies to the very favourable conditions of 
climate and hydrology, abundance of food and suitable enx ironnient for 
entombment of the remains. 

The detailed study of the mammalian remains in many countries has 
thrown much light on the origin, evolution and migration of the animals, 
.■some groups like the pigs, hippopotamus and ancestral elephants are 
believed to have originated in Africa and later migrated into Asia. The 
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horse is supposed to ha\’e come from North America through Alaska and a 
land bridge across the Behring straits. It is an interesting fact that the 
horse became extinct in N. America by the Pleistocene and was reintro- 
chiced there by man from Europe. 

Divisions.—The Siwaliks are divided into three major divisions, 
ranging in age from Jliddle Miocene to Lower Pleistocene. The \'arious 
sub-divisions take their names from localities in the I’otvvar region. Though 
the sub-divisions are based on lithology there is much lateral variation in 
the rocks. There are no marked uncomformities within the System but the 
L'pper Siwaliks seem to have been laid down on the Middle Siwaliks after 
a period of folding, uplift and denudation. 'The Boulder-Conglomerates are 
also generallv transgressive over the pre\'iou3 beds. The characters of the 
sediments indicate that the basin of deposition was first brackish and that 
it became increasingly fresh and also that there is a i-ariation from lacustrme 
to fluviatile condition. 

The chief sub-divisions of the Siwaliks are shown in Table 70, together 
with the nature of the sediments and their age. 


Table 70.— Siw.ilik Succession (X. W. India), {.-^fter G. E. Pilgrim) 


Upper-Sivvalik 
(6,000-8,000 ft) 


Middle Siwalik 
(6,000-8,000 ft) 


Lower Siwalik 

(5,000 ft.) 


'Boulder Conglomerate. Coarse cong¬ 
lomerates, sands, grits and some cla>’S. 
j Pinjor Stage. Coarse grits, sandstones 
j and conglomerates. 

I Tatrot Stage. Soft sandstones, drab 
[_ clat's and some conglomerates 


Cromerian 

Villafranchian 

-Astian 


f Dhok Palhan Stage. Brown sand-1 
1 stones, gravel beds, orange clays and )-Pontain 
■{ drab shales, J 

I Xagn Stage. Hard grej- sandstones' 


and subordinate shales. 




Sarmatian 


(Chinji Stage. Bright red shales andl tt -n . 

I sandstones. /^P- Tortonian 

-( Kamlial Stage. Hard red sandstones, | 

purple shales and Pseudo-conglo- S-L. Tortonian 
L merates. J 


Kamlial Stage. —This stage is named after Kamlial (33°15' : 72'30') 
near Kliaiir oilfield and consists of hard red sandstones w ith clay nodules 
(pseudo-conglomerates) and purple shales. The sandstones generally form 
conspicuous strike ridges and are somewhat finer grained than those of the 
Munrees. In the Jammu area the Kamlials are not easily separable from 
the Murree Sandstones as they look alike and contain few fossils. In 
northern Potwar, the Kamlials contain much tourmaline and only a little 
epidote, while the Murree and Chinji beds contain abundant epidote, but 
only a little tourmaline. In the Potwar area the upper part of the Kamlials 
consists of red shales and some grey or reddish brown sandstones with 










































XIXJ 


MIDDLE MIOCENE TO LOWER PLEISTOCENE 


505 


pseudo-conglomerates containing ‘ pebbles ' of clay and shale. They are 
about 550 ft. thick and the shales are deeper red in colour than the Chinjis. 
The chief mammalian remains are ;— 

(Carnivora) iynphicyon and Hyaencluros: (Proboscidea) Dinntheyium and Trilo- 
phodon; (Suidae) Palaeochoerm and Listrciodon. The earlier Proboscidea like Mneri- 
iherium and Hemunastodon, as well as the Rhmoceratids like Dicerathenum, Teleoceras, 
Baluchitheyium and Accratherium, and Giraffidae like Pyogiyaffa liad disappeared. 

Chinji Sta^e. —Taking its name from Chinji (32 41' : ll'll'), this 
stage shows alternating ash-grey sandstones and liright red shales. The 
sandstones are subordinate in the Potwar area, but dominant in the Jammu 
area. The thickness varies between 1,500 to 6.000 ft. This stage is appa¬ 
rently of longer duration than the Kamlial and contains a large number of 
vertebrate fossils and also wood. The mammals include :— 

(Primates) Dyyopithecus, Su'upi/liecuy, h'luniapil/iecits, (Carnivora) Dis'yopsalis, 
Amphicyon, Martes, Biimellicotu, Sii'cihrli<, I.ycyaena, Acinsannsmilu^y, ViAmuteli'y ; 
(Proboscidea) Dmnt/ui iiiiii, Ti thphi'doii, Scii uh it/iiiif;, SvncoiuilnpJiiis, Anuncus, 
Stegdlophndun : (Equidae) , (Chalicothernlae) .l/diTiJi'/ii) uiti) (Khinocera- 

tidae) Oaindatheyium, Aciralhintutt , iSiudae) Coiwliyiyy, Listundun, Pyopo/aninchnenis, 
niCdtypfiotfiOL’ytis, SanUheimm ; (.Xiithracotheridae) Hy,Poops, Hemuneyyx, Telma- 
iodoH , (Tragiilidae) Dorcabttne, DoycaHteymm ; (Giraffidae) Giyaftokeryx, Pyopahieo- 
meyyz, Giyaffa. 

Of these, Macrothcrimn, Hipparion and Gaindatherium are supposed to 
have migrated into India from America. Numerous reptiles like crocodiles, 
turtles, pythons and lizards are found in these rocks as also shells of L'nio. 
In the Hardwar area the Lower Siwaliks have been called Nahun beds and 
they correspond mainly to the Chinji Stage. 

Nagri Stage. —This is named after Nagri (32 46' ; 72 21') in the 
Attock district and consists of hard grey or buff coloured sandstones with a 
small proportion of shales and clays. It is poorly fossiliferous, many of 
the mammals of the previous stage hai'ing apparentlv disappeared. Several 
Primates— Bramapithecus, Sivapithecus, and Sitgrivapithtxus are present. 
Among the Carnivores, Amphievon and Sivanasua persist and Crncuta 
appears. No Proboscidea have been found. Hipparion. (niindathcrium 
and Aceratheriiim continue. Several genera of the jiig family are found 
such as Palaeochoerus, Conohyus. Listriodoii, Lophnehnerus, Prnpotamo- 
choents, Dicoryphochocrus, Hippohyus and.S'ws. Hemimeryx (.Vnthracotherid), 
Dorcahune, Dorcatherium (Tragulid) and Girafpokcryx have also been found. 

Dhok Pathan Stage. —This is named after Dhok Pathan (33^8' : 
72°2r) on the Soan river and includes brown sandstones, drab shales, 
orange clays and some beds of gravel. In some areas the sandstones are 
variegated and brown but there is a variation when they are followed along 
the strike. The sandstones gradually give place to shales in an easterly 
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direction and the shal\ facies extends ilownwards into the Xai^ns al^o. 
The Middle Siwalik' thin down also in a soiitherlu direction. Thus the 
source of the sediments was from the north-west, /.<■.. from the present Indus 
basin, the drainage being trans\'erse to the basin of deposition. I'his, 
incidental!V, is e\ idence against the e.xistence of an Indo-Krahm river. 

The Dhok Pathan Stage is the richest fossiliferous stage of the Siwaliks 
and has yielded a large number of fossils amongst which may he mentioned :— 

(Primates) Stvifpi/Zicciis ; (Kodentia) Rhi:omys and Hystnx , (L'rsidac) 

AgywtJieyiiini, Ind(tnfoc , (Mustelidac) Pyomellivora, F.nhydyioilou, Swaonyx . (Hyae- 
nidae) Ictitheyiuni, Lvcyaouf. Cyoatfi! . (Felidae) Alciirop<ii<i, Mellivoyndo}}, PiDania- 
choeyodus, Felis; (Proboscidea) lyumthcnum. Tnlnphodon, Tetyulnphodon, SyncoiuAopJms, 
Sleg<dophode}i, Sttgodcn , lEtjuidae) Hipparinn . (F^hinoceratidac) Aceyaihcrium, Rhino¬ 
ceros ; (Siudaoj lAst) lodon, Tetvaconodou, Propotaniochoeyus, Dicoyyphochoenis, llyixus, 
Hippohyus, Sits ; (AntUracotlieridae) Choivomeryx, Merycopofamus ; (Plippopota- 
midae) Hippopolamus , (Tragulidae) Doraihune, Dorcatheniim, Tyagulii^ : {Ccr\idae) 
Cen'us, (Giraftidaej Hydaspitheriuni, Vishnutherium, Bramatheyium, Girajfa; (Ho\ idac) 
Taiirotragus, Pernniu, Trugocerus, Bosehtphus, Proleptobos. 

Several of the giraffe family and the short-jawed proboscidean Syncono- 
loyiiis are confined to this stage while the Bot’idac first make their 
appearance here. 

This stage is considered to be of Pontian age by Pilgrim, but Mathew 
has shown that the fauna, especially horses and giraffes, are more advanced 
than those of the Pontian beds of Pikermi, Samos and China and therefore 
of -Middle Pliocene age, with which opinion Lewis agrees. 

.\t the end of Dhok Pathan time an uplift occurred and the strata were 
folded and eroded, before the deposition of the Tatrot Beds. This ei'osion 
interval is thought to cover the l’])per Pliocene (leriod, which is therefore 
unrepresented bv eithei sediments or fauna. This is attested bv the local 
geologual features for the Lpl’er Siwaliks are found onlv along the basins 
and stream channels and not on the Potwar peneplain. This uplift accentu¬ 
ated the Kala Chitta range and extended it eastwards, according to 1 )e Terra. 

.\ stream called Xandna iwhicli join.s the Htiro which is a tributarv of the 
Indus) which rises on the Khair-i-Murat and cuts across the Kala Chitta 
hills is clearly antecedent. The western Potwar was drained bv the Indus 
during the Pliocene. 

Tatrot Stage. —This stage named after Tatrot (32 52': 73 21'), 
consists of conglomerates, soft sandstones anil drab and brown clays. The 
Tatrot Beds were laid down in the basins which resulted from the folding 
movements, the folds having a X.E.-S.W. axis. Thev often lie unconfor- 
mably over the planed surface in which there are prominent upturned 
ridges of Xummulitic strata. The base is always marked by a coarse 
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conglomerate and the beds show evidences of quick deposition by rivers 
and delta-like structure. The sediments are coarser than before and contain 
pebbles derived from Mesozoic as well as the older Siwalik beds and even 
bones from Dhok Pathan beds are known to have been reimbedded in these 
sediments. The Tatrot period was marked by hea\'\' rainfall as the beds 
do not show red colour and enclose remains of elephants, pigs, hippopotamus, 
bor ids etc. indicating good moist conditions. The elephants are repre¬ 
sented b\' Slcgodoii and Pciitulophodiin. A true one-toed horse, Eqiius 
sivalensis and the pigs Sus and Hippohvus are also found in these beds. 

Pinjor Stage. —Xamed after Pinjor near Kalka in the .Simla foothills, 
this stage shows coarse sediments composed of pebble beds and sandstones. 
Thev follow the Tatrot Beds without any definite break and therefore 
belong to one cycle of sedimentation, ^'ariegated sands and pink silts are 
dominant in this stage, the pink colour of the.se indicating somcMhat drier 
conditions and also the deposition of much eoliaii material. The thickness 
varies from 500 to 1.500 ft. The lieds contain a rich fauna particularly in 
the clays underlying the Boulder-conglomerate and these can b ■ regarded 
as the immediate ancestors of the iiresent-dav mammals :— 

(Primates) Papin, Sei)ninpt//uciii, Siimu ; iRodontia) lihr.niiivs, Xcsokia, Hystnx ; 
(Carnivora) Cams. Agnotheyntm, Snuctis, Mellivnya, Lutra, Enliydyiodon, Viverra, 
Hyaeiiic/is, CrociiUi, McgaiilereoH, Paathera, Fells , (Proboscidea) Pentalophodon, 
Ste.godou, 'stegolophodan, Ayclitdiskodoii, Hypselephai ; (Eqindae) Fquus \ (Rhino- 
ceratidae) Rhinoceros, Coelodon/a- ; (Siudae) 1 etraconodon, Polamoclioeius, Dicory- 
phochoeriis, Hippohyus, Sus : (.-\nthracothcridac) Mcncopntomiis, Hippopotamus, 
Camclits and Ccreus , (Giraffidae) Siviilhcnum, Camelopardalis, Gituffa ; (Bovidae) 
several includin.g Cohns, Capra, Lcpiohns, Huhalus, Bos and Bison 

Boulder-Conglomerates (Lei Conglomerate). —At the end of the 
Pinjor period there was mountain building activitv as indicated by the 
very coarse sediments which constitute this stage. They overlie the older 
beds di.sconformably mainly as fans. The newly risen Pir Panjal supplied 
much of the sediments and the boulders and pebbles are sometimes facetted, 
indicating deposition from glaciers. The sediments consist of pioorlv graded 
materials and include pebbles of Itocene limestones, with a small proportion 
of igneous and sedimentarv' rocks and (]uartzaites. The ( onglomerate 
beds are lenticular and contain a few silt horizons w hich may indicate 
eolian material deposited during dry periods. The term Boulder-Conglo¬ 
merate has been loosely used for all the conglomerates ranging in age from 
Nagri upwards, and having a total thickness of over 7,000 ft. But the stage 
above the unconformity is only 350 ft. thick, and is known as the Lei 
Conglomerate in the Potwar region. This horizon, of Middle Pleistocene 
age, was deposited during the Second Glaciation in the Pleistocene. 

The Himalayan glaciers seem to ha\'e descended almost down to the 
plains making the whole region unsuitable for the existence of highly deve- 



508 Gl-.OI.Ol.V OI- INDIA AND DUKMA CHAP. 

loped mammalian life. Much of the Siwalik fauna buffered li 'a\il\- but 
some species were able to migrate to warmer regions. The giraffes which 
were abundant in the Upper Siw.rhks are now found only m Africa. Though 
nian\’ sjiecies of the elephant family li\-ed during the Siualik times, all that 
is left of them at the present-day in the Indian elephant and the African 
elephant. The Boulder-fonglomerates contain also relics of pre-historic 
man whose appearance coincides with the rapid disappearance of mammals. 

At the end of the period of the Boulder-Conglomerate there was a fresh 
cliastroiiism. Kala Chitta and Khair-i-Murat hills were uplifted along 
previous faults. The basin suffered compression and the Upper Siwaliks 
were genth’ folded. The Jhelum changed its course to its present one 
below Owen by cutting through conglomerate fans. The Indus whose 
old course was through the Haro channel also shifted its course to the 
depression aboix Attock. 

Correlation. —Since the Siwaliks are fresh-water (and partly land) 
deposits, the determination of the age of the stages is a matter of some 
uncertainty. It is definitely established that the Middle Siwaliks are closely 
allied to the Pikermi beds of Greece where they are associated with marine 
Pontian strata. 

In Talile 71 is giwn the correlation adopted by G. E. Pilgrim of the 
Geological Sur\-ey of India compared with that of E. H. Colbert and G.E. 
Lewis. It will lie noticed that the ages assigned to the divisions by the 
.American authorities are younger than those adopted by Pilgrim. This is 
perhaps attributable partly to the hvpothesis that the Hipparion (primitive 
horse) migrated to India from .\. .America. 

M.VD ■ .M.V.XCHII.AR sERlES 

The highest formation of the Tcrtiarv group in Sind are called the 
Manchhar Series, after the .Manchhar Lake. The\' resemble the Siwaliks 
to a large e.Ntent. 

Lower Manchhar. —The Manchhar Series attains a thickness of 10,000 
feet and comprises two divisions. The Lower Manchhars are composed 
of grey samlstones associated with red sandstones and conglomerates. The 
conglomerates contain pebbles of sandstone and nodules of clay. The 
lowest horizon has \ieldcd vertebrate fo.ssils which indicate a Helvetian 
zone. 

Upper Manchhar. —The upper division is well e.xposed near Larkhana 
and consists of conglomerates, sandstones and orange and brown clays. It 
contains pebbles of Gaj and Nummulitic limestones. 
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Table 71.—CORREL.VTIOX OF THE 


Divisions Pilgrim Colbert Lewis 

1934-1940 1935 1937 


SiwALiK Strata 

Europe 


North 

America 


Upper 


^luldle Tawi Cromerian 

u ^ ____ 

^ Lower PioulderCgl Break V iIKiiVanchian RoLk('rf’'’k 

^ (--Cal<il>ruinj Sheridan 


Boulder Piiijor Pinjor 

Cgl. Tatrot 


Tatrot 

Upper i’lnjor -Break Astiaii San Pedro 

I )Iink Lkithan 




o 

o 

3 


.Middle 

Tatrot 

Nagri 

Dhok Patlian 

Plaisancian 

Blanco 

Good Night 

Lower 

Dhok 

Pathan 

Chinji 

Xagn 

Pontian 

Republican 

River 

Valentine 

Upper 

Nagri 

Kamlial 

Chinji 

Sarmatian 

Tortonian 

Barstow 







Middle 

Chmji 

Ivamhal 


Kamlial 

Helvetian 

Burdigahan 



I.ower 


Aquitanian 


The Manchhars of the Kirthar range appear to follow conformably on 
the older (Gaj) rocks whereas those to the east of the Laki range lie uncon- 
formably on Kirthar beds. They are mainly flin-iatile, but as we follow 
them southwards they become gradually estuarine and marine. \'reden- 
burg divides the Manchhars into three portions which are respectively 
Vindobonian, Pontian and Pliocene in age. 
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-MfKKAX, l^ALT’CHISTAN 

Mekran Series.- - Jlie I'piicr Tertiary rocks rkA'eloped in the Mekran 
region are called the Mekran Series and comprise thick pale grey clays with 
thin intercalations of shelly limestone and sandstone. X'redenbiirg has 
di\ ided them into a lower Talor stage of Middle Siwalik age and an 
upper Gw.\i).\k stai.e of U[>per Siwalik age. The Mekran Series contains a 
fairly rich marine fauna which bears a great resemblance to that of Odeng 
stage ( = Talar) and Sonde stage ( —Gwadar) of Java. It is inferred that 
the Indian seas were completely cut off from the European seas during 
Mekran times as there is not much resemblance to the European marine 
fauna. Many of the Mekran species are found in the Karikal Beds. The 
molluscan fauna of the Mekran Series includes the following : 

Gastropods . . tuberculnhi, Terebra aspeni, Pleuroioma haydeni, 

Drilla mehrumca, Lithocotins djarianensis, Clavailillies 
rerheeki, Melongena potiderosa. Purpura angulata, Cassidia 
inekranica, Dohum sp. Terebraha mekranica, Natica 
globosa, RiHiella javana. 

Lamellihranchs . . Corbula mekranica, Dostnia pscndoargus, Cardium unicolor, 
Area ncwicon, Pcctunculus gicadarensi':, Osirea pseudodi- 
uitalina, O ■irleti. O. fnmdosa, O. Crenulifera, Pecten 
. ns'.'i'/i 

Madras 

Karikal Beds. —Richly fossilifcrous Upper Tertiary beds have been 
found at a depth of 350 feet at Karikal on the Tanjore coast. The rich 
fauna, which has been described bv Cossmann ( Jour, de Conchvliologie, 
XLVlir. p. 14. 1900 : El, p. 105. 1903 : I.\TI1. p. 34, 1910) consist- 
entirely of gastropods including the follow mg ■ 

Actaeou (Aniiditla] ^cluhilu^, A. funiutti, Tcyil'va {.\fviireUa) niayicsi, T. (M.) 
cancellata, Hemipleurotoma bonnefi, Sitrcula javaua, Drillia karikalensis, D. sinensis, 
Conus {Dendroconus) Jiguliniic, C. (Li/hoconus) Utcrutus, C. (Leptoconus) kankalencic, 
Cciyiceilaria verheeki, Oliva chcribonensi^:, Agaronia aciinunata, Ancilla cinnanwmea, 
^laygtnella honneii, Miira (Cancella) flammea. Fusus perplexity, Turhinella rapa, Nassa 
ovum, A. (klinia) kuiikalensis, Murex bonneti, Renella margayifitla, Hindsta tfemov- 
aen^iiy, Stromhn% kurikalensis, Rustellaria fusus, Rimella cancellata, Cerithidca trifunata 
Tiirritvlla djadjaricnsis, Architecfonica maxima, Crepidula cf. wahlii, Xatica rostahna 
X. globoya, ^olayu’lla amhligoniata 

The assemblage is distinctly Pliocene (post-Pontian) and somewhat 
younger than the fauna of the Quilon and Jaffna beds. According to 
^ redenburg, the Karikal Beds are the equivalents of the Mekran Series 
and especially its upper (Gwadar) stage. It would appear therefore that 
there is probably a complete Upper Tertiary seipience underneath the 
Cauvery alluvium in the Tanjore district. 
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ASSA.M 

Tipam Series. —The ^lualik System is represented in Assam by the 
Tipam anci Dihiiig Series. The Tipams extend from the .Vrakan coast to 
Surma \’alley and Ujiper .\ssam. In I'pper .Assam they are duasible into 
three series, the upper being separateil from thi' middle by an unconformity. 

Xamsang Bii:i>s Sandstonc^i j.^rits and con.i>lf)mcratcs, loritfiin- ^ 
mg lignite pebbles {2.500 It ) j 

I 

-imconformitv--- ^\ intlobonian 

I 

(riRUjAX Ci-Avs. ^Fettled clays and sandy cla\'s and sulKinlinate ) 
sandstones, with fossil wood and lignite {3,000 to 6.000 ft ) j 

Tipam Sa.nos'jonks. Tliick lo.irse gntty lerruginnns sand-'j 

stones, greenish coloured and weathering l)roun , stnne i l^uidiu.dian 
conglomerates and shalt* partings , occaMona! fi)'>"*d wooil ' 
and lignite (3,000 to 8,000 It ) J 

The Namsang .Stage uas formerl\- known as Num Rong Khu Stage 
but as the ty|X' seetion m Mana P>um are.i (27 ,16 . 96 lOd, sume 35 miles 
E.X.lf. of Diyboi, was found to melmle soft sandstones now included m the 
l)ihin,!^s. It has been decided to name it after the N'amsanj,; riwr, a tributary 
of the Burhi Dilimg south of Di,yboi. The pebbk-s in the conglomerates in 
this .Scries are partly of Barail Sandstones and coal. 

In the Surma Willey, the Tipam Saiidstone-Girujan ( lay succession is 
oyerlain by the Dcpi Tn,.\ Serii:s, separated by an unronformitx'. The 
Dujn Tilas are composed of sandstones and clays about 10,000 ft. thick. 
The lower beds are coarse ferruginous sandstones with subordinate mottled 
clays (2,000 ft.) while tlie up|>er liecls are yariegated sandstones, mottled 
sandstones and clays (9,000 ft.). The best sections are to be found along the 
southern margin of Jaintia hills. 'I hey are unfossiliferous and are consi¬ 
dered to be the eiiuic'alents of Xamsang Beds and ot .Mio-l'Iioceiie age. 

Dihing Series. —The.se consist of a groat thickni'.ss of pebhie-lieds with 
subordinate sandstone and cla\' liands, I liey oyerlie the i'ljxim Series and 
are named after the type section on the 1 filling riwer near Jaipur i27 16' : 
95 24'). The rocks are for the most part [loorly eoiisolidated and the 
pebbles have lieen deric'ed from the Barails except in the extreme north-east 
of Assam where the pebbles arc of gneisses. 1 hey are exjiosed in L pper 
.Assam, Xaga hills and Sylhet. They contain only some carbonised wood 
and badly preserved leaf impressions and are considered to be of Pliocene 
to early Pleistocene age, equivalent to the I'pper Siwaliks. .As they have 
been mvolved in the folding and thrusting which have affected the .Assam 
Tertiaries, they are probably mainh’ of Pliocene age. 
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Burma : The Irraw.vdda' Systf.m 

0\'erlying the Pegu Series, generally with an unconformity, is a series 
of tluviatile sandstones of large thickness originally called the Fossil-a'ood 
Group by Theobold, because of its abundant content of fossil-wood. Tliis 
name has now been replaced by the term Irrawaddy System, since the sedi¬ 
ments lie m the valle\' of the Irrawaddy river. 

Distribution. —The Irrawaddy System is e.Ntensiyely distributed along 
the central north-to-south tract of Burma. It is found in the north in 
Katha, Upper Chindwin, and llyitkyina, and extends as far south as Rangoon. 
Parts of the area are coyered by Pleistocene and younger alluvia but it is 
likely that the IrrawadcR- rocks extend under all the alluvium of the delta. 

Lithology. —The lower beds often contain ferruginous conglomerates 
indicati\-e of a period.of subaerial weathering. The main formations are 
sandstones, often current-bedded, with pebbles, boulders and numerous 
ferruginous concretions. The concretions consist of haematite and limonite 
with some manganese oxide. Calcareous sandstones and calcareous and 
siliceous concretions are also met with. Fossil wood occurs profusely in 
certain areas, often well silicified. The rocks weather into fantastic shapes 
with the formation of intricate gullies and ' bad lands.’ The total thickness 
of the system is of the order of 10,000 feet. 

Fossils. —The Irrawaddians contain a fairly rich \-ariety of vertebrate 
fossils, mainly mammalian, but including also crocodiles, tortoises, etc. 
Both monocotyledonous and dicotyledonous fossil woods are found, the 
latter including Dipterocarpoxylon hurmense. The chief vertebrate fossils 
are ’— 


Lower Irrawatldy Beds '— 

(Equidae) Hippai urn aulilopmiiiii , (Kliinoceratidae) Acoathcrium lydekken ; 
(Suidae) Tetraconodon minor , (Giraffidae) Hydaspitherium biiinaiiiciim, \'ishnu- 
iherinm ira-vaticuin ; (Bovidae) Puchyporta.x latuiens, Proh'ptobos birmanicus. 

Upper Irrawaddy Beds.— 

(I’roboscidea) Stei’olophondon latidens, Slegodon elephantoides, Stegodon insignis 
birmanicus, Hypselephas hvsiudricus ; h'.ephas planifrons. (Rhinoceratidae) Rhinoceros 
siratensis ; (.Anthracothcridae) Mcrycopolamiis dissimtlis ; (Hippopotaraidae) Hexa- 
protodnn iravahcus, H cf. siralensis ; (Bovidac) T.eptobas, Pubalus. 

The Irrawaddy S\stem is the equivalent mainly of the Middle and 
Upper Siwaliks. The loiver fossiliferous beds are correlated with the Dhok 
Pathan stage (Pontian) and the upper fossiliferous beds, which are separated 
from the lower by 4,000 feet of strata, are of Pinjor age. 

Kathiawar. —There are highly fossiliferous Gaj beds near the western 
•extremity of Kathiawar (Saurashtra). They are overlain by soft gypsi- 
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ferous clays and sandy foraminiferal limestones comprising the Dwarka 
Beds. They have not been studied in detail but are thought to be the 
equivalents of the Hinglaj beds of Baluchistan or e\en sliglitly younger, 
i.e.. Middle to Upper Miocene. 

In the island of Piram to the east of Kathiawar, in the (nilf of Cambay, 
there are Middle Siwalik rocks which have yielded some mammalian fossils. 

Warkalli (Varkala) Beds. —Current-bedded sandstones and \'drie- 
gated clays with rather thin beds of lignite are found in the coastal region 
of Quilon and ^’arkaIa. The lignite seams found near X'arkala are thought 
to be extensi\e and have been estimated to have reserves of the order of 
270 million tons. Two thin seams of lignite ha\T also been found at the 
bottom of the sea-chft in similar deposits near Cannanore in Malabar and 
near Kasargod in S. Kanara. The strata also contain some ball clays 
and terracotta clays. They are capped b\ a layer of laterite. The meteo¬ 
rological and drainage conditions during the Upper Tertiary seem to ha\-e 
been favourable for the kaolmisation of the underlying feldspathic gneisses, 
for in Travancore, Malabar and South Kanara, kaolin deposits are fouiul 
below the laterite and the Upper Tertiary strata. The kaolinised /one is 
25 to 30 ft. thick and passes gradually down into unaltered gneisses. These 
kaolin deposits are exploited at Kundara near Quilon and also in a few 
places in .Malabar and South Kanara. The Warkalli Beds are younger than 
the Quilon Beds and may be of Miocene or Pliocene age. They are similar 
in characters and stratigrajihic position to the Cuddalore Sandstones of the 
Madras coast. 

Cuddalore and Rajamahendri Sandstones. —.\ wide stretch of 
sandstones, generalh' somewhat lateritised and ferruginous, extenrls inter¬ 
mittently from near Raineshwaram through Pudukottah, Tanjore, Cuddalore, 
Pondicherry, Madras, Xellore etc. to Rajamahendri (Rajahmundrv). They 
are overlain in the coastal tract and in the \ arious river valleys by deltaic 
alluvium and coastal sands but may be expected to continue down to the 
coast. They consist of soft red. yellow and mottled ferruginous sandstones, 
sandy clavs, sands, clays and pebble beds. They have a gentle easterly or 
E.S.E. dip. The beds haw the characters of shallow estuarine deposits, 
showing marked current-beilding and leiiticulanty. They generally lie 
unconforinablv owr the Cretaceous rocks. Upper Gontlwanas or gneisses. 

It is thought that in the Pudukottah, Tanjore and Cuddalore-Pondicherry 
areas they overlie a fairlv comjilete Lower Tertiary succession, though 
there is a stratigraphical gap of varying magnitude beneath them, as they 
undoubtedly represent a marine transgression m the Mio-PIeiocene. In 
some places they show lumps and veins of chert. Near the surface they 
are lateritic in character. .Artesian aquifers occur in several places as near 
Karaikudi, Xevveli, Cuddalore, Pondicherry and also in some places in 

17 
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Godavari district. They contain alf(al, foraniiniferal and molluscan 
remains {I'-g-, Osb't'a. I'lisiis, I'crchra, Oliva, Conus, etc.). I'liev are 
generalh' considered to he of L’pper Miocene or Pliocene aye though the 
cjuestion has to be decided by detailed work. At Tinu'.ikkarai near Pondi¬ 
cherry, they show numerous large silicified trunks of angiospcrmous trees 
{Pence schmidiana) some of which are 60 to 70 feet long and 3 to 5 feet in 
diameter. 

The Ciiddalore .Sandstones in South Arcot and Pondicherry contain 
thick lignite beds which should he workable. At and around N'evveli, 
about 20 miles west of Cuddalore, a seam has been jiroved which e.Ntends 
over an area about 100 sq. miles and has thickness varying up to 80 or 85 
feet. The reserves of lignite in this field are estimated at about 2,000 million 
tons. Two seams of lignite have been recorded at Bahur and .some other 
places in the Pondicherry area, with a thickness varying up to 30 feet. 
It is likely that if extensive drilling is undertaken, other lignite deposits 
may come to light in these strata at other places. They, or the Lower 
Tertiary rocks underlying them, may also contain petroleum. 

Durgapur Beds. —.Along their eastern border, the beds of the Raniganj 
Series of the Raniganj coalfield are covered by lateritised sandstones, 
yellow and sometimes feldspathic grits and bluish grey and mottled clays. 
Similar grits and lateritised sandstones continue eastward for sec'oral miles 
until they are covered by recent alluvium. It is not known to what extent 
the ferruginous sandstones represent a continuation of the Raniganj Series 
for there is undoubtedly a band of Upper Tertiary strata here which can be 
likened to the Cuddalore .Sandstones. Near Suri in Birbhum, these sand¬ 
stones ha\-e yielded angiospermous fo.ssil wochI which clearlv indicates 
Tertiary age. Similar beds are found to extend to the east and south-east 
of the area of Rajmahal Traps. It is likely that the greater part of this belt 
is of Tertiary age though apart of its western margin adjoining the Raniganj 
coalfield mav contain Raniganj or Panchet strata. 

Conjeevaram Gravels.—.\ large area north of Conjeec aram (Kanchi- 
puram) and ea'.t of the expo.sures of the Upper Gondwanas. is occupied bv 
gra\els, '-hingles .in<l grits called Ganjeexaram Graxels. They probably 
represent Ihu iatile deposits. rheirage may be anything between the Upper 
Miocene and Pleistocene. 


IdoxoMP mixi;k.\ls 

The W’aikalli Beds and the Cnddaloie .'s.indstunes imuI on seme useful 
deposits of lignite intercalated with the s.mdstone- ami cl.i\s. Two seams 
have been met with in the Warkalli beiLs with thickiie,ss up to 20 or 25 feet. 
They have been estimated to contain re.serx'es of about 270 million tons, 
around A'arkala in Travancore. 
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A good seam of lignite, \'ar\’ing in thickness up to 80 feet, has recently 
been found at and around Xevveh, some 20 miles west of Cuddalore, The 
seam occupies an area of about 100 square miles and has been estimated to 
contain reserves of about 2,000 million tons. Two or three seams have been 
recorded in boreholes in the Fondicherrv territory, north of (aiddalore. 
The extent of these requires investigation. Other areas occupied by these 
and similar Mio-Pliocene formations may also contain lignite. 

The same strata, both m the west coast and in some east coast districts 
of Madras, contain ochres and clays of \'arious descriptions—fire-clay, 
ball-clay and terra-cotta clay. In several places near the western coast, 
the feldspathic gneisses below the Tertiary beds have been kaolmised to a 
depth of 30 to 40 feet and raeld e.xcellent kaolin on washing. Some deposits 
are being worked for the ceramic industry near Quilon and for the te.xtile 
industry in Malabar and South Kanara. These deposits await detailed 
investigation and it may be expected that they are more extensive than is 
suggested by the few outcrops which <ire e.xposed now, 
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General. —The Ouateniary era was heralded by a general lou ering of 
temperature in the northern hemisphere, connected with the formation of 
great ice-sheets of continental dimensions o\’er the Xorth Pole and large 
parts of the neighbouring areas. Many areas now in the temperate zone 
were covered bv ice-sheets—c.g., Xorth .\merica down to the northern 
parts of the United States and the northern parts of Europe. The .Vlpinc- 
Himalayan mountain regions were also covered by extensive and thick ice 
masses which descended down to \'ery low altitudes compared to the present 
day. The glaciers in the Himalayas are known to have descended as low 
down as 5,000 ft. altitude, as c\'idenced by the presence of moraines and 
other features. 

The history of glaciation in Kashmir has been studied by De Terra and 
Paterson (as tlescnbed briefly on a later page) who have made out five 
periods of ice advance and four inter-glacial periods. Man had already 
appeared in the Potwar area, Kashmir valley and Narmada Valley by the 
Second Inter-glacial period, and perhaps even somewhat earlier. 

The prolific mammalian fauna of the Upper Tertiary suffered grievously 
with the on-coming of the Ice .Age, for these highly specialised organisms 
were not fitted to withstand the extreme cold. Many genera and species 
died off while some managed to escape to warmer tropical regions and 
to exist there. 

.As e^•ifiences of the mild temperate climate of the Peninsula of India 
during the I’leistocene, W. T. Blanford cites the presence, in the plains, of 
certain plants and animals which are now confined entirely to the Himalayas 
or the higher mountains in the lower latitudes. Some species of rhododen¬ 
dron and other plants are now found isolated in the higher hills of the Penin¬ 
sula though they should har e been formerly present o\-er large areas of 
lower elevations, having migrated to the Peninsula from the Himalayan 
region during the Ice .^e. 

Divisions. —The beginning of the Pliocene is taken as coinciding with 
commencement of the Pontiaii, as a fairlv important change in fauna occurs 
at about that time. Hipparion is the most easih' recognised guide fossil of 
the Pontian and it does not occur before this age. The Pontian was also a 
period of Marine regression marking the end of a period of sedimentation. 
The Pontian is followed br' the Plaisaucimi and Astiaii (both of which are 
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Pliocene) which are respectively off-shore and coastal deposits. But these 
do not indicate any marked difference in fauna. These are followed b}' the 
Calabrian which is mostly marine. The fresh-water and lacustrine equiva¬ 
lent of the Calabrian is called the Villafranchian. The Calabrian is followed 
by the Sicilian which is also marine and occurs in the form of well marked 
terraces in Southern Europe. 

The Plaisancian and Astian strata contain a large proportion of the 
fauna still living, which lived in somewhat warmer conditions than at 
present. During the Calabrian the percentage of living marine forms 
increased and it is noticed that the fauna included certain sjiecies which 
had migrated from colder regions (c.g., Cvprina islaiulica) indicating thi' 
beginning of a colder climate. The Sicilian can scarcelv be differentiated 
in faunal content from the Calabrian, but contains a few more cold-water 
forms. It is therefore clear that the first indication of glaciation in Western 
and Southern Europe ajipcars at the beginning of the Calabrian. The 
Villafranchian and ^'al d'.Vrno deposits also contain plant remains belonging 
to a climate colder than that of today. There are also evidenci's of an 
uplift of the .-\ppcnnincs just before the beginning of the Calabrian. 

Many geologists therefore agree that the beginning of the Pleistocene 
should coincide with the beginning of the Calabrian-\'illafranchian as this 
is ushered in by an orogeiiic uplift, a distinct cooling down of the climate 
and a change in the fauna. 

Taui.e 72— PunsTOCENE Correlation' 
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Thu \'illafranchian deposits are characterised by the appearance of 
Eqitiis and Elephas, some of the important species being Elcphas planifrons, 
E. Mi'i-niioinilis, E. antiquus. Mastodon lorsoni, Eqiiits rohustus. E. cahuUns, 
Rhinoceros etnisciis, Siis anrrncnsis, Leptohos clatiis. Bison prisons, etc. 
In the Upper \'nl d’Arno they consist of a thickness of 500 feet of fluviatile 
and lacustrine sediments which indicate deposition over a fairly long period 
of time. 

A rough correlation of the different glacial advances and inter-glacial 
deposits together with their stratigraphic e(]uivalents in India and the 
pre-historic human cultures is given in Table No. 72. The heights of the 
marine terraces of the different inter-glacial periods in Southern Europe 
are shown belo^\- : 



Metres 

Late Monastirian 

7.5 

Main Monastirian 

18 

Tyrrhenian 

32 

Milazzian 

56 

Sicilian 

103 

Calabrian 

200 


The Calalirian forms a fairly broad and well-marked terrace about 
200 metres above the present sea-le\-el. The period immediately following 
this may represent the Gunz or first glaciation, after which the Sicilian was 
laid down in the First Inter-glacial period. Then followed the Mindel (or 
second) glaciation and the Milazzian deposits which represent the Second 
Inter-glacial. Important changes occurred in the Mammalian fauna during 
the Mindel glaciation. This was succeeded by the Riss (or third) glaciation 
and the T\rrhenian deposits representing the Third Inter-glacial. The 
fourth glaciation, which is of Upper Pleistocene age, is called the Wurm 
and this is succeeded by the Monastirian deposits which enclose Mesolithic 
and Neolithic implements. 

The East Anglian crags (Red crags etc.) of England contain a fauna 
similar to that in the ^'al d’Arno. They are considered to be the equivalents 
of the Sicilian. The Cromer I'orest beds are considered to represent the 
First Inter-glacial. 

There has been .some difference of opinion as to where the beginning of 
the Pleistocene should be shown in the Siwalik succession. The tvpical 
elephant genus Archidiskodon first appears in the Tatrot beds. But the 
Tatrots also contain some nine genera which continue on from Dhok Pathan 
and si.\ genera which are new. They are therefore transitional from Plio¬ 
cene to Pleistocene. The Pinjor Beds are the true equivalents of the Villa- 
franchian (now agreetl to be included in Pleistocene). Eqnns and Leptohos 
ajptar in thfm and not in Tatrot Beds. 
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Glaciation in Kashmir 

In the Sind and Lidar valleys in Kashmir, De Terra and Paterson 
have distinguished four or five periods of glaciation with three inter-glacial 
periods. Each glaciation consisted of a series of pulses—r.g., two ad\’ances 
of ice arc noted in the Second Glaciation and four advances in the Third 
Glaciation. These pulsations are attributable to climatic changes. The 
largest ad\'ance was during the Second Glaciation when man hail alreadv 
appeared on the scene, for implements of the nature of primitue flakes are 
found in the deposits of this period. The Third Glaciation is correlated 
with the last phases of the Acheiilian stage of cis ilization. The inter¬ 
glacial periods were generally longer than tlie glacial periods, allowing a 
certain amount of weathering and erosion of the deposits. The First and 
Third glacial periods are known to haw been marked by the uplift of the 
Pir Panjal, the latter being the more impressive one. 

Table 73.— Chronology ot Pleistoi. ent; Gi.aci.'tion 
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flake 
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I Glacial — Tatrot (Up Siwalik f«iunai 
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.According to De Terra and Paterson, the Lower Pleistocene in Kashmir 
embraces the First Glacial and Inter-glacial periods. These are consiilered 
to be the eipiiwalents in age of the Tatrot and Pinjor Stages of the Siw.diks 
and of the 3’illafranchian. The Middle Pleistocene included the Second 
Glacial and the Second Inter-gl.icial perioils of erosion. They rontain 
Cromerian (pre-Soan) type of flakes in the Punjab foothills. This p 'iio 1 
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was marked by hea\’y sedimentation in the Kashmir valley, consisting of 
boulder fans and thick flu\-o-glacial deposits. The Upper Karewas are 
thought to represent the Second Interglacial deposits. Of the same age are 
the Lower Narmada beds containing similar flakes and the remains of a 
straight-tusked elephant. The Up[>er Pleistocene includes the Third and 
Fourth Glaciations and the intervening Third Interglacial. The end of the 
Fourth Glaciation marks the final phase of the terrace deposits of Kashmir. 

There was an uplift of tlie I'll' Panjal towards the end of the First 
Glaciation. The tilted gravels fans underlying the Lower Karewas are of 
this age. This vas the period of inaximiiin inundation of the Kashmir 
valley. The land supported great pine and oak forests and more than 
100 species of mammals have been found in the Pinjor deposits of the foothill 
region. A sharp uplift took place just before or liuring the Second 
Glaciation, which was responsible for the elevaition and tilting up of the 
lake deposits. The Houlder-Gonglomerates arc of this age, according to 
De Terra. 

During the Second Interglacial, deposition continued, helped by 
periodical uplifts. In the adjoining Jammu and Potwar areas Palaeolithic 
man was li\’ing. During the Third Glaciation, the ice advance was less 
than before. The third Interglacial was fairlj' long and erosion was active. 
The third terrace is of this age. By or before the Fourth Interglacial, Pir 
Panjal had risen to its present height. 

Two laj'ers of post-Karewa age have been found in Pampur and other 
places in Kashmir. The earlier one is a swamp deposit and the latter one 
alluvial and eolian. The latter has 3 ’ielded charcoal and clay figurines, 
the former some flakes of Levallois t\ pe (Middle Palaeolithic). It has not 
been possible to date these in Kashmir but Neolithic culture in Mesopotamia, 
associated with evidences of agriculture, lias been assigned an age of 5000 to 
6000 B.C. 


THE KARIfW'A I'OKMATION 

The Karewas were originally regarded as cntirel}- of lacustrine origin, 
but recent work shows that the lower beds are at least partiv of fluN’iatile 
t\'pe. The Lower Karewa beds are e.xteiisiveU' dewloped over a length of 
80 miles and are 8 to 10 miles wide. They lie on folded Triassic and pre- 
Triasbic rocks and are about 4,700 ft. thick. Tluy were formed in a sinking 
lake between two slowlv ri-iing mountains on either side which contributed 
the sediments. Thev contain a few lignite horizons. The big lake in whadi 
the sediments were d^■i)o•^it^ d. mu.-t have been formed b\- a b.irrier which 
was a spur of the mountains between liaramula and Rampur. This divide 
is known to present a fault --caip on the Ka.shinir side. The ance-tral 
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Jhelum cut back through this ridge and drained the lake and finally captured 
what is now the upper jiart of Jhelum which was originally part of the 
Chenab. The presence of <mcient river deposits on this spur shows that the 
original Jhelum ri\’er which overtopped the divide has left some river 
terraces on both the banks. The bevelled top lies about 1,200 to 1,400 ft. 
abo^•e the present stream bed. The uplift of the Pir Panjal might have 
formed a great dam across the overflow channel and accentuated the lake. 
The lower part of Lower Karewa beds are fluvio-glacial and lacustrine 
(2,700 ft.) and probalih’ mainlv preglacial in age. They are overlain by 
some glacial deposits lielonging to the First Interglacial and Second Glacial. 
The deposits are gravelly at the base but are mainly composed of dark to 
grey shales. There are generally two lignite horizons but sometimes more, 
and also carbonaceous clays. The upper part of the Low er Karewas, about 
2,000 ft. thick, contains well preserved leaves of plants which lived in those 
times. The topmost part of the Lower Karewas is again a sand and gravel 
zone indicating partial shallowing of the lakes. They contain some facetted 
boulders. 

Table 74— The Karewa Form.^tion 

f Erratics, Sands, Clays and varved clays contamin.^ remains of 
j molluscs and some plants. 

Upper [ 

1_ Second Glacial 


rSands, gravels, bulf and blue clays and varved clays with leaf 

I impressions of mainly sub-tropical plants and also shells. 

I 

I I Glacial 

Low er 

I Conglomerates and carbonaceous shales with lignite {Elephas, 

\ Rhinoceros etc.) 

! 

(^Pre-glacial beds (Birds, fish, plants etc.) 

disconformity separates the Lower Karewas from the shell and plant 
bearing clays of Upper Karewas which are 1,000 ft. thick. The following 
beds indicate a fall of the water level and the deposition of alternating 
laminated yellow marls and silts and sands. In the last stages, the deposits 
consist mainly of lacustrine and eolian silty materials. These beds are 
often found Ij ing over a moiaine of the second glaciation. Though the Upper 
Karewas contain plant remains, they tlo not include well preserved leaves 
such as are found in the Lower Karewas. 

The Karewa lake has left 3 sets of terraces, the highest being at about 
6,000 ft. ,A,n older terrace appears at a height of about 5,400 ft. During the 
period between the Second and Third Glaciation there are indications that 
the lake became deeper again and there was also an uplift of the Pir Panjal 
during this period. .After this, the Jhelum seems to have gradually cut 
back through the barrier and largely emptied the lake. 
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The Karewas are found generally to dip towards the Kashmir vailley 
and the dip increases up to about 40 in the lower parts of the flanks of the 
Pir Panjal. The last stage of the uplift of the Pir Panjal was post-Karewa 
in age and is beluwed to ha\'e taken place after the appearance of earlc man. 
This uplift folded and titled the Karewas and also the rocks of the Potwar 
plateau on the southern side. 

.\ccording to G. S. Puri (O.J.G.M.M.S. XX, 61-66, 1948) the plant 

fossils of the Karewas hai'e been investigated in three areas viz.. Liddermarg, 
Laredura and Xmgal nala. Ify far the largest group of the flora consists 
of flowering plants of which nearly 70 genera have been identified. They 
are predominantly dicotyledons with onlv a few monocotyledons. Gyinno- 
sperins are restricted to barely half a dozen species. Several of the plants 
are of aquatic habit. The flora shows tropical, subtropical and temperate 
species. Many of the plants which are now found living onlv below an 
altitude of 5,000 ft. have been found as fossils at 10,500 ft,, indicating the 
uplift of the deposits to the present position. The plants include species of 
Acer, Berheris, ludigofera. Rhamnns. Prtiiiti':, Rosa, Pyrns, Viburnum. Betula, 
Querctis, Jugliii!.‘:, Salt.v, Populus, Piiiiis, Picea, Juniperus, Xiiumbium, etc. 
The lignite beds show several genera of diatoms. Some of the species are 
still living in the Himalav'as, while others are extinct. The Liddermarg 
flora is mostly tropical while the Xingal nala flora is e.xxlusively temperate 
containing willow, poplar, cherrv, walnut, maple, alder, spruce, fir, pine 
and cedar. The modern representatic'es of these are still found in the 
Kashmir \’allev at an altitude of 7,000 to 10,000 ft. .Vmongst the animal 
remains found in the Lower Karewas are fresh-water shells, fishes, and 
mammalia, the last including Equiis. Elephas namadicus, Bos, Sivatherium, 
Rhinoceros, Cervus, Stis, Eelis, etc. These indicate correlation with the 
Pinjor Stage of the Upper Siwaliks. 

POTW AR SILTS AXI) LOESS 

The Potwar plateau is covered by a mantle of yellow to pinkish silt, 
which is thick in the \alley depre.ssions attaining a thickness of 350 ft. 
In places it show s typical loess landscape, for example vertical sided can vons 
near Chakwal and Rawalpindi. The silts are generally laminated though 
occasionally without stnicture. They are very fine grained and uniform 
and are composed of angular grains, due to the material being wind-borne. 
Locally there are thin layers of marl or small concretions some fragments 
of teeth of vertebrates and a few land and fresh w-ater molluscs (Planorhis, 
Lirnnae.i, Unio, Vivipara, Melania etc.) are the only fossils found in them. 
.4t their base there are gravels containing Early Soan implements. 

Though these silts resemble loess, they were apparently laid down in 
shallow fresh water lakes or rearranged by streams. The bottom 20 feet 
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of the loess contain early man’s relics of Levallois type which is more 
advanced than the Scan Implements in the gravels below. The tools in the 
loess are not of fliu’iatile origin. The wind borne nature and the high 
content of calcium carbonate in the deposits account for the absence of 
fossil bones. Allui'ial silt also is a very poor medium for preservation of 
fossilised bones. 

In the Scan valley in Potwar, there is a system of five terraces of which 
the third corresponds to and is composed of Potwar Silts. This terrace 
is cut into the moraine of the Third Glaciation in Jammu and Poonch, 
so that the Potwar Silts may be regarded as contemporaneous with the 
Third Inter-glacial period. The Third Glaciation is younger than the 
Upper Karewas, according to De Terra. 

Bain Boulder-bed. —Associated with the Siwaliks of the Marwat 
Kundi and Shekh Budin hills in the Trans-Indus continuation of the Salt 
Range there is a boulder-bed about 70 feet thick (the Bain boulder-bed), 
intercalated with the Marwat formation. The boulder-bed is of glacial 
origin and the associated formation contains a fauna which is of Villa- 
franchian to Lower Pleistocene age according to T. O. Morris {O.J. G. S. 
X(TV, p. 385, 1938). 

Erratics of the Potwar Plateau.— There are several localities in the 
Attock district where large blocks of rock are found amidst boulders, gravel 
and finer sediments. Several of these occur near Nurpur Kanialia, a few 
miles from Campbellpur, one being a granite block of 50 feet girth and 
another a basalt block with a girth of 48 feet. Some of the blocks show 
grooved surfaces. They now lie amidst alluvial country, there being, for 
miles around, no rock outcrops from which they could have been deri\-ed. 

These ' erratic ' blocks seem to have come from the Himalaya, trans¬ 
ported through the agency of ice. It is believed that large bodies of water 
were frozen up behind barriers of rock and moraine which obstructed river 
valleys during the glacial times, the barriers giving way suddenly when the 
ice partly thawed. The glacial floods which spread out would have brought 
with them unassorted material including large sized boulders. There are 
many records of severe floods of the Indus during historic times owing to 
its \alley being dammed up by rock debris. Similar floods, but glacial 
in character, could therefore have taken place during the Pleistocene times 

Alluvial deposits of the Upper Sutlej valley.— Large stretches of 
allu\ ial terraces exist in the Sutlej valley in the Hundes Province beyond 
the Central Himalaya. These are composed of sands, gravels and clays 
which have yielded remains of mammalia such as Bos, Equus, Capra, Pan- 
tholops, etc., most of which belong to genera now living in Tibet. The 
river has cut through these deposits to a depth of a few hundred feet. 



niD recent 


525 



\0 -3 

c3 






^ C' o 

^55 

X y 

^ -J iC 

'' F* 

=^ ^ . 

a = y 

H “ - 

« i- 3 


y r-» 


^ 


■< r; 
^ -J 

a 

H r4 

3 _• 























526 


GEOLOGY OF INDIA AXl) RriiMA 


CHAP. 


Narmada Alluvium.—The Xarniada and Tapi ri\'tTs lioY' in a larg-e 
basin covered b\- e.xtensnc Pleistocene and Recent deposits. The main 
part of the Xarniada plain, between Jabalpur and Harda, covers an area 
200 miles loiptt and 35 miles wide. Further down the rn'er. there is another 
plain from Barwai to Harm Pal near Bagh. I'he plain of Tapi in Khandesh 
is also similar and e.xtends from Burhanpur westward for 150 miles and is 
30 miles broad at its ma.ximnm. To its south-east is the \ alley of the 
Puma river in Bcrar, also containing Pleistocene deposits. 

The Xarniada deposits, amongst these, ha\’e recei\-ed the best attention. 
The deposits in the Harda plain are composed of reddish and brownish 
clays, with intercalations of gravel and with kankciy (calcareous concretions). 

‘ Hard pans ’ of calcareous conglomerate are often found. The plains are 
about 100 feet above the bed of the Xannada, this representing the thickness 
of the deposits. Xear Gadarwada, north of Mohpani in the Central 
Provinces, the alluvium attains a thickness of o%'er 500 feet and contains a 
lateritic gravel at the bottom. 

Between Hoshangabad and Xarsinghpur the Xarmada ^•alley is 7 to 
18 miles wide and a terrace is found 120 ft. abo\-e the bed of the river. 
The Pleistocene and Recent deposits here are ot-er ]50 ft. thick. The 
lowest beds are lateritic with lumps of heinatitic iron-ore and pieces of 
Deccan Trap. The river has cut through the laterite: the Pleistocene 
deposits are later than the laterite. 

The basal beds of the Pleistocene are coarse, fairly hard conglomerates 
with intercalations of grey micaceous sand and pink silts, having a thickness 
of up to 10 or 11 ft. Elephas, Hexaprotodon naniadicus and Bos ha.y(^ been 
found in these, as also Pre-Soan flakes and Abbevillean hand-axes. 

The conglomerate is succeeded by a red silty clay with lime concretions,, 
har’ing a thickness of 30 ft. This apjiears to be a river deposit, containing 
unrolled flakes and Palaeolithic tools. 

These are separated from the upper group of beds by a disconformity. 
Then follow red concretionary clays containing remains of Bos namadicus, 
Biihalus palaeindicus, and Elephas namadicus. A rich hone-bed in these 
yielded : Trionyx gangeticus, L’rstis namadicus, Sus sp., Leptobos fraasi, 
Cervus, Rhinoceros, Hexaprotodon palindicus, Elephas namadicus, E. insignis, 
Stegodou ganesa, S. insignis, and some reptiles. This fauna is younger than 
Pinjor in age. Abo% e these beds are found 30 to 70 feet of pink to brown 
clays with concretions, which ha\e \-ielded early Palaeolithic flakes and 
cores of late Scan Tj pe. .\bove these clay beds are brown coloured regur 
or ‘ black soil ’. These contain small blades and scrapers of flint and jasper, 
of proto-Xeolithic type. 
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The latente may be of early Pleistocene age. The lower group is 
correlated by l)e Terra with the Boulder Conglomerate ; the upper group 
with Potwar silts : and the black soil with the rcdeposited Potwar Silts 
and the Second Loess. Table 75 shows the correlation suggested by De 
Terra anil De Chardin. 


Table 75.— Correl.mion of the Xak.mada .ind X.W. India Pleistocene 
(After De Terra and P. Teilhard De Ch.vrdin.) 


Age 

X \V. Punjab 

Kashmir \\i11d\ 

Narmada Valley 


Redeposited Potwar 
and Second loess> 

IV Glacial 

Black Cotton soil 


—' F-itts-jon interval 

JU Inter-glacial 

Erosion interval 

7r. 

^ Potwar silt 

111 Glacial 

i 

Upper zone 

'sj 

0 

3 

1 

1 Long Erosion 1 

I interval i 

(d ' ! 

-1 

^ II Inter-glacial 

Erosion interval 


a 

a 1 i 

j Boulder Conglo- 
1 merate 

j 

Upper Karewa 

II Glacial 

Karewa grar els 

Lower zone 


1 i 

y Pinjor stage 

^ • 

^ Tatrot stage i 

I Inter-glacial 

I Glacial 

X'armada laterite 

Pliocene 

Dhok Pathan stage 

— 

— 


Godavari alluvium. —Tliere are thick deposits of alhnmm along the 
upper Godavari in the Madhya Pradesh and Hyderabad State. Ihey are 
composed mainly of brown clay and sandy silts with nodules of kankar and 
beds of gravel. In some places west of Chanda they are saline. The gravels 
are composed of pebbles of Deccan Trap, agate and chalcedony. I-'ossil 
wood trunks have been found in them between Wardha and Enchapalli 
and between the latter and Albaka. Animal remains including Elephas 
naniLidicus and Bos sp., have been found near Mungi, Paitan, Hingoli and a 
few other places. 
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Kistna (Krishna) alluvium. —Gra\x‘l^. ^ainh' >ilts aiul calcareous 
conglomerates of Pleistocene age occur in the upper Ivnshna wdley 60 to 80 
feet abo\-e the present n\-er beil. Parts of the cranium of R/itnocero^ 
deccanensis have been found near Gokak and also remains of Bo^. The 
alluvia of the tributaries of this river in bouth Mahratta countr\- have 
yielded stone implements. 

Madras. —Overlying the conglomerates of the .Satyavedu (Upper 
Gondwana) Beds, in the valley of the Kortalayar ru'cr, there is a series of 
four terraces, respectively 100 feet, 60 feet, 20 feet and 8 feet above the 
river bed. These contain implements w hich are referable to Abbevillian- 
Acheulian (first terrace), Acheulian (second terrace) Late Acheulian end 
Levalloisian (third terrace) and Upper Palaeolithic (fourth terrace). 

In the ^'adamadiirai area south-west of Madras, Pleistocene boulder- 
conglomerates containing Abbevillian tools overlie the I'pper Gondwanas. 
Above this is detrital laterite and alluvium, the former containing Acheulian 
type of tools. 

Irrawaddy alluvium. —Four terraces har e been recognised in the 
Irrawaddy valley overlying the Irrawaddy System. The oldest terrace is 
seen m a group of hills 300 feet abor-e the present rir-er-bed near the Chaiik 
oil-field. This contains gravel an<l boulcler-beds and sandstones which are 
tilted. The fossils found in them are Llephus iitiDuidu'iis, Bos. cf. ncwtadicus 
and Hippopotamas. The second and third terraces he 180 and 100 feet 
respectively abor'e the rir'er and contain .Middle Pleistocene fauna and 
Palaeolithic tools near Mandalay. The fourth terrace of sandy gravel and 
sand contains a late type of Palaeolithic implements. The fifth terrace 
grades into recent river deposits. The whole of the terrace system is 
assigned a Middle to Upper Pleistocene age i>y De Terra, the uppermost 
Irrawaddys being regarded as Lower Pleistocene bv the same authority 

THE IXDO-GANGETK ALLLA'IUM 

General. —The great alluvial tract of the Ganges, Brahmaputra and 
the Indus forms one of three mam physiographic divisions of India, sepa¬ 
rating the Peninsular from the E.xtra-Peninsular region, and covering an 
area estimated at over 250,000 square miles. The deposits of this tract 
belong, so to say, to the la.st cluqiter of earth's histoiA- and conceal beneath 
them the northern fringes of the Peninsular form.aioiis and the southern 
fringes of the Extra-Peninsular formations. The area is geologically 
uninteresting but. being a rich agricultural tract, is of .gre.it interest and 
importance in human hist or}'. 

It consists of two umtn sepaiaterl b\' a narrow low ridge passing through 
Delhi and .Ami .ala which is but a continuation of a part of the .Aravalli 
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ranges. This ridge is not particularly noticeable as it is covered b\' thin 
deposits of geologically recent date. Geodetic observations indicate the 
presence, underneath the Indus alluvium, of a ridge parallel to the Hima¬ 
layas from Delhi to the Salt Range, on which he the Kirana and Saiigla Hills. 

Origin of the depression. —The alliu ial tract is of the nature of a 
synclinal basin formed concomitantly with the ele\-ation of the Himalaya 
to its north. One view, due to Eduard Suess, the great Austrian geologist, 
holds that it is a ' fore-deep ’ formed in front of the resistant mass of the 
Peninsula when the Tethvan sediments were thrust southward and compres¬ 
sed against them. The Peninsula is regarded as a stable unmo\ ing mass 
and Central Asia as the moving segment of the crust. According to a second 
view, due to Sir Sydney Burrard (formerly Surveyor-fieneral of India) the 
plains represent a nft-c'alley bounded by parallel faults on either side. A 
third and more recent view regards this region as a sag in the crust formed 
between the northward drifting Indian continent and the comparaticelv 
soft sediments accumulated in the Tethvan basin when the latter were 
crumpled up and lifted up into a mountain svstem. 

\^'hether the first or third interpretation is accepted, the dvnamical 
effect would appear to be the same. The dejrression perhaps began to 
form in the Upper Eocene and attained its greatest development during the 
third Himalayan uphea^■al in Middle Miocene. Since then it has been 
gradually filled up by sediments to form a le\'el plain with a \ ery gentle 
seaward slope. 

Nature of the deposits. —The sediments are sands, silts and clays 
with occasional gra\'el beds and lenses of peaty organic matter. The older 
alluvium (called Bhangar in the Ganges valley) is rather dark coloured and 
generally rich in concretions and nodules of imjnire calcium carbonate 
known as kankar in Northern India. The kankar concretions arc of all 
shapes and sizes from small grains to lumps as large as a man’s head. The 
older alluvium forms slightlj- ele\’ated terraces, generalh' abo\'e the flood 
level, the river having cut through it to a lower le\'el. It is of Middle to 
Upper Pleistocene age. 

The Newer alluvium (called KJuidar in the Punjab) is light coloured 
and poor in calcareous matter. It contains lenticular lieds of sand and 
gravel and peat beds. It merges by insensible gradations into tin* recent 
or deltaic alluvia and should be assigned an U|>jier Pleistocene to Ri'cent <ige. 

The okler alluvium contains the remains of extinct sjiecies iif anim.ils 
including Rhinoceros, Hippopotamus. Palaeohnikieii, tlcphas and Ei/uii.s. 
The fossils in the Newer Alluvium are mostly those of animals still living. 

Depth.— The shape of the depression is known m a gimeral wav, though 
not accuratclv. It is deepest within a few miles of the Himal.ayan foot-hills 
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and gradually >helves up towards the lVnin''Ula. Borings put down 
mainly for artesian water have penetrated only to 2.000 ft., all in recent 
alluvial strata. Geodotic data obtained bv the Survey of India in Bihar 
show that the thickness of the dejiosits in the basin may be of the order of 
6,000 ft. and jirobably less than 10,000 ft. -A-ii aero-magnetic survey of 
the Gangetic delta in Bengal indicates that the basement rocks he at a 
depth of about 17,000 to 20,000 ft. Seismic reflections are got at 
depths of 2,500 ft., which is the base of the alluvium, and from three other 
beds between this and 9,000 ft. The last mav possibly be the top of the 
Cretaceous or Eocene. These reflecting beds ha\-e a gentle easterly or 
south-easterly dips. The nature and age of these beds will be known 
shortly when drilling is undertaken in connection with oil prospecting. 

In the Nahorkatiya area near Digboi in Assam the prospecting wewk 
of the Assam Oil Co. has revealed that the alluvia and Dihings are about 
5,000 ft. thick. Below them come the Tipams down to about 9,000 ft. 
underlain by the Barails which e.xtend to a depth of more 12,000 ft. 
Geophysical indications of the basement are at depths of 20,000 to 25,000 
ft. below the surface. 

The Bihar earthquake of 1934 gave indications of the presence of 
zones of disturbance, evidently faults, m the basement below the 
alluvium, parallel to the trend of the Himalayas. 

The alluvial basin is shallow in the gap between the Rajmahal and 
Garo hills, which are connected by a ridge of ancient rocks along the Satpura 
trend. Some authorities opine that the gap was formed at as late a period as 
the Pleistocene, but as the Assam plateau was uplifted in the Middle Miocene, 
the formation of the gap may well have been contemporaneous with that. 

It is also possible that the gap is connected w ith one of the post-Gondwana 
trough-faults or is the northern end of the east coast fault which was formed 
in late Jurassic time. 

Little is known about what lies underneath the alluvium anti the 
Tertiary strata in the Gangetic plains. The shape of the Great ^’indhyan 
basin suggests that the Mndhyans continue below them and have their 
northern border in the sub-Himalayan region. The Vindhyans may be 
ot'erlain by the Lower Gondwanas which are also known to crop out in 
several places in the sub-Himalayan region. A Permo-Carboniferous and 
Mesozoic sea probably e.xtended into this basin from the north and deposited 
the Infrakrol-KroLTal succession. Tertiary rocks are undoubtedly present 
below the alluvium. These ma}’ include the equivalents of the Subathu, 
Dagshai and Kasauli beds, as also the Murrees and Siwaliks. We may also 
e.xpect these sedimentary rocks to be folded parallel to the Himalayan 
trend, for they should have been involved in compressional movements 
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which produced the fore-deep. This speculation has a direct bearing on 
the possible presence of suitable structures fa\'ourable for the accu¬ 
mulation of petroleum, in the Ganges-Brahmaputra basin. The structures 
can of course be found by geophysical inv'estigations using gra\’imetric and 
seismic methods. The recent discovery of gently folded structures under¬ 
neath the Brahmaputra alluvium in Upper Assam encourages the belief 
that similar structures may exist in other parts of the great alhu’ial basin. 

COASTAL DEPOSITS 

Eastern Coast. —Raised beaches, some of them e!e\'ated as much as 
50 to 100 feet above the present sea level, occur at se\ eral places along the 
coa.st. They contain molluscan shells of Recent or present day species. 
Such deposits are common along the Orissa, Nellore. Madras. Madura and 
Tinnevelly coasts. 

The Chilka Lake. —The Chilka lake on the Ganjam coast dates back 
to the Pleistocene. It has been rendered shallow by the deposits from the 
mouths of the Mahanadi, while a sand spit has been thrown across the 
mouth by the monsoon winds. Near the south-western end of the spit 
there is a deposit of estuarine shells 20 to 30 feet above the high tide level. 
The shells include Cytherea costa and Area granosa, neither of which li\-e in 
Chilka Lake at present, but the former is known in the estuary connecting 
the lake with the sea. The Chilka lake appears to be graduallv diminishing 
in size. 

South-western Coast. —.Along the Travancore and Malabar coasts, 
mud banks have been formed which separate lake-hke expanses of water 
(backwaters or Kavals) from the sea. The backwaters are used for coastal 
communication by small boats. The mud banks are Pleistocene to Recent 
in age. 

Gujarat. —The lowlying tract connecting the Kathiawar Peninsula 
with the mainland near .Ahmedabad shows recent deposits containing 
Cerithium, Potamidees, etc., indicating that this was an estuarine area in 
Pleistocene times. 

Kathiawar. —On the coast of Kathiawar is found a marine limestone 
composed of the remains of the foraminifer Miliolite. around which calcite 
grains have been formed. It is usually sandy in the vicinitv of the coast, 
and attains a thickness of 100 feet in western Kathiawar, but is thinner 
and less extensive in eastern Kathiawar. This Miliolite Limestone, also 
called Porbandar Stone, is found on the top of Chotila hill (1,173 feet alti¬ 
tude) which provides clear proof of the elevation of the coast in recent 
times. This is locallv used as a building stone in Kathiawar. 
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There are also raised beaches, oyster beds and coral reefs on the Kathia- 
Avar coast which have been elevated a few scores of feet since the Pleistocene. 

Rann of Kutch. —During the Pleistocene the Rann was a shallow arm 
of the sea. Even in historic times it was so, as the Indus and the Sarasvati 
of \’edic times flowed into it. It is now silted up and forms an extensive 
and desolate salt marsh during the dry part of the year and a tidal flat 
coA’ered with a few feet of sea water during the monsoon. 

Mekran Coast. —Raised beaches containing shells of living species 
are found about 100 feet above the sea level in the Mekran coast of Balu¬ 
chistan. The commonest shells are Oslrea Iiyotis, Anomva archaeus, Pecten 
crassicostatHs. Area antiquata, .1. nivea, etc. 

Detailed studies ha\'e not been made in India on the succession of 
marine terraces, their heights above sea-le\'el, their fossil content and other 
characters. Until such studies are undertaken it will not be possible to 
attempt the correlation of the Pleistocene strata. 

.AEOLIAN AND OTHER DEPOSITS 

Loess. —Large stretches of wind-blown dust of sandy to clayey consti¬ 
tution are found in Punjab, Kashmir, Sind and Baluchistan. This material, 
called loess, is fine grained buff or gre\- coloured and with little signs of 
stratification. It covers the land surface irrespective of barriers and alti¬ 
tude, and deposits are particularly well seen in the Potwar plateau in the 
Salt Range, and in Thai Chotiali in Baluchistan. It is essentially a deposit 
of arid regions liable to strong winds carr\ing much dust. The irregular 
distribution of loess has in some measure been responsible for the formation 
of shallow lakes at the top of the Salt Range. 

Desert Sands. —.A large tract of western and south-western Rajasthan 
and Sind, with an area of 400 miles long and 100 miles wide, constitutes the 
Thar desert. It is, in general, covered by a depth of several feet, and in 
some cases several tens of feet, of sands which are constantly being shifted 
by winds blowing from the south-west. The sands co\-er an irregular 
rocky floor, but occasionally local prominences and ridges rise above the 
le\ el of the sand. Over the greater part of the area the sands are piled up 
into dunes. The longitudinal ridge-like dunes are common in the more 
southern parts where the winds are strong, while the crescentic type (Bar- 
chane) is more common in the interior. 

The desert grades in the more eastern and north-eastern parts into a 
semi-arid region covered by shrubs and by stunted xerophytic vegetation. 
It is also studded with the remains of abondoned villages and towns. In 
the area where the sand cover is thin, it is still possible to do some culti- 



XX| THE PLEISTOCENE AND RECENT 533 

vation, but the main difficulty is non-availability of sufficient water for 
agricultural purposes. 

The sub-soil water varies in (|uality from jilace to place and in the more 
easterly areas it can be used for human consumption and for agriculture. 
In some parts of the semi-desert areas well waters are distinctlv brackish to 
saline, and during the monsoon the new sweet water percolating down from 
the surface may float on top of the brackish water till it is e.\hausted or 
becomes mi.xed with the latter. The salinity is largely tlue to inland 
drainage characterising the area. Some haw attributed it to Hne particles 
of salt brought by the south-west monsoon from the iliilf of Cambay and 
and Rann of Kutch. This view, howec'cr, does not seem to be fully supported 
by facts, for recent investigations seem to pnn e that at least m the more 
interior parts of Rajasthan the wind carries \’t'ry little saline matter from 
the sea. 

The desert conditions seem to have grown gradually only during the 
last 3000 to 4000 years. It is known that Sind and Baluchistan and the 
adjoining parts of Rajasthan were wooded and had a much more favourable 
climate in pre-historic and early historic times. The use of burnt bricks 
for buildings and the presence of well designed drainage systems in the 
settlements of the 3Iohenjao-daro period apparently indicate that the 
climate was fairly humid. It is also known that during historic times wild 
elephants lived in Rajasthan which also indicates more moist conditions 
than those obtaining at present. But, between that period and the time 
of invasion of the Punjab by .41e.\ander the Great (4th century B.C.), 
conditions had become difinitely worse and Baluchistan was alreadv be¬ 
coming arid. 

The growth of the desert conditions is due to the fact that this region 
lies along the well-known northern desert belt. Though moisture-bearing 
winds of the south-west monsoon blow over Rajasthan for four months 
in the year, there are no hills across the direction of the winds to impede 
their progress and precipitate some rain. The .Trax allis are aligned parallel 
to the direction of the winds and do not form a serious obstacle to their 
course across Rajasthan. The monsoon winds therefore bring wry scantv, 
if any, rainfall to the area west of the Aravallis ; this area receii ing only 
5 to 8 inches of rain per year and most of it precipitated in a few sudden 
and violent cloud-bursts. The increasing aridity and the large diurnal 
variations of temperature are instrumental in disintegrating the rocks and 
hoping in the accumulation of sand which is distributed by the action of 
winds. 

In a Symposium held under the auspices of the National Institute of 
Sciences of India in 1953, various aspects of the physical features, ein iron- 
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ments and rc.'^ources of Rajasthan liavo het-n discussed and the reader is 
referred to the Special Builetin on Ivajasthan Desert published by that 
Institute for more information. 

Daman Slopes. —In the hilly region of Baluchistan and .Sind there 
are important gravel and talus deposits of Pleistocene and recent ages. 
These materials, being loose and highly porous, are generally good aquifers. 
The water contained in them is drawn by dru’ing tunnels and wells through 
them. In far'ourable conditions the water rises up in wells under semi- 
artesian pressure. The long, nearl\- horizontal tunnels which are driven 
into these deposits in order to obtain the water contained in them are 
called Karezes. 

Bhabar and Terai. —In the foot-hill region of the Himalaya, the 
hills are fringed on the side of the plains by talus fans. The upper portion 
of the talus fans is composed of rock fragments, gravel and soil and supports 
good forests. This zone, known as the Bhabar, has a vertical e.xtent of less 
than 1,000 feet between its upper and lower limits. 

The Terai tract lies immediately below the Bhabar. It is composed of 
gravel and soil often formiipg a marshy tract overgrown with grass and 
thick jungle. It is an unhealthy zone, uninhabitable unless well drained. 

Cave Deposits. —Though a number of cax-es e.xist in various parts 
of the countrr', especially in limestones, few of them ha\-e been investigated 
in detail. Some are in unfrequented areas and even the more easily acces¬ 
sible ones have not receu'ed the attention they deserr-e from the scientists. 

.4 group of ca%-es (Billa Surgam) near Betamcherla in the Kurnool 
district, .Andhra, was e.xamined by Bruce Foote and his son who found a 
rich Pleistocene fauna well preserved in the red marl of the floor of the 
caves. The majority of the fossils belong to species still .living, but a few 
which are extinct in India are still found in .Africa, such as Papin sp., Equus 
asinus, Hyaena crocuta, Manis cf. gigantea. .Amongst the others are : 

Mammalia .. Presbytis, Macacus, Cheiroptera, Sorex, Felis Itgris, Viverra karnu~ 
lensis. Cants, Herpestes, Hystrix crassidens, Mas, Nesokta, Sits 
karniilensis, Lepus. Rhinoceros harnulensis. Rasa, Meminima, 
Gazella, Portax, Capra, Ovis, Bos. 

Reptiles . . Crocodtlus, Vnranus, Laccrta, Ophidia, Rinys, Phelona. 

.\mphibia , . Rana, Bnfo. 

RECENT DEPOSITS 


Coastal Dunes. —Several parts of the eastern coast of India are 
cov^ered by sand which is massed into small sized dunes bj' winds, rarely 
attaining a height of 30 feet. Such are seen on the coasts of Ganjam, 
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\’izagapatam, Ncllore, Ramnad and Tinnevellv. The sand dunes slowly 
march inward and are a menace to cultivation. Their progress can be con¬ 
trolled by plantations of trees. 

River Alluvia. —All the important rivers have an erosive action in 
their upper courses and de])osit their sediments in the delta region. The 
deposits consist of lenticular beds of sand and clay. 

-Along the upper courses of North Indian rivers tliere are dejiosits of 
blown sand and fine dust. These are laid down where there are obstacles 
to wind movement such as clumps of trees or shrubs. In course of time 
these deposits near river banks liecome consolidated into mounds and form 
good sites for \’illages above the flood le\ol. Tiiev are called bltiti- lands. 

Tn the drier portions of the Indus and (langes \’allevs, where there is 
no good outward drainage, the soil becomes water-logged anil the accumu¬ 
lated salts 111 the gioiind water are dr.iwii ii]) to the surface to appear as 
efflorescences. Mich efflorescences are iMlled rt'h m the Madhya Pradesh 
and ktillar in the Punjab. 'The term nsar is applied to alkali-laden land 
unfit for culth atioii. 'I'he salts m these are mainly sodium chloride, sodium 
sulphate and sodium carbonate. Water-logging and concentration of salts 
is also a feature in parts of the canal-irrigated areas \i herefrom there is no 
adequate outward drainage. 

The salts become concentrated comparatively near the ,ground level, 
especially within a depth of some 30 feet from the surface. The water from 
this part is unpalatable and often injurious to the health of plants and 
animals. Further down, however, sweet potable water is usually met with. 

L.ATERITE 

No account of the stratigraphy of India is complete without a reference 
to the peculiar ferruginous material called laterite which is a product of 
tropical alteration suffered by some rocks. It is typically dmeloped in 
tropical lands such as India, Malaya. East Indies, AA'est Indi.'S, and 'Tropical 
■America, though similar formafions of warm climates in soma pa'-t ages are 
known in the temperate regions of the present day also. 

Characters. —Laterite is a porous, pitted, clay-hke ri>ck with red, 
\ellow, brown, grev and mottled colours, depending in some measure on the 
composition. It has a hard protective linionitic crust on the e.xposed 
surface which is generally irregular and rough. When dug uji, the fresh 
material is comparatively soft and easily cut by a spade or a saw. In this 
state it has often variegated colours and shows vermicular cavities which 
are irregular and tortuous. Laterite is often pisolitic, the pisolites having 
a concentric structure and being cemented together by ferruginous or 



536 GEOLOGY OF INDIA AND DERMA fCHAP. 

aluminous material. When the fresh soft rock is e.xposcd to air, it is quickly 
dehydrated and iiecomes tjuite hard. 

The term was first used for material from Ifalahar in South India by 
Francis Buchanan in 1800. The following extracts from his diar\- (p. 436) 
are of interest in this connection. 

'■ The ore is found forming beds, \’eins, or detached masses in the 
stratum of indurated clay that is to be afterwards described, and of which 
the greater part of the hills of .Malabar consist. This ore is composed of 
clay, quartz in the form of sand, and of the common black iron sand. This 
mixture forms small, angular nodules closely compacted together and r-ery 
friable. It is dug out with a pick-axe.” 

Continuing, he wrote on a later page (p. 440) ;—• 

” It is diffused in immense masses without any appearance of strati¬ 
fication and is placed over the granite that forms the basis of Malayala, It 
is full of cavities and pores and contains a \-ery large quantity of iron in 
the form of red and yellow ochres. In the mass, while excluded from the 
air, it is so soft that any iron instrument readily cuts it and is dug up in 
square masses with a pick-axe and immediately cut into the shape wanted 
with a trowel or a large knife. It I’ery soon after becomes as hard as a 
brick and resists the air and water much better than any bricks that I have 
seen in India. 

As it is usually cut into the form of bricks for building, in several of 
the native dialects it is called the brick-stone {itica-cullii). Where however 
by the washing away of the soil, part of it has been exposed to air and has 
hardened into rock, its colour becomes black, and its pores and inequalities 
give it a kind of resemblance to the skin of a person affected with cutaneous 
disorder ; hence in the Tamil language it is called shuri-cull or itch-stone. 
The most proper English name would be laterite, from lateritis, the appel¬ 
lation that may be given to it in Science.” 

Composition. —Laterite is composed mainly of hydrated oxides of 
iron and alumina together with those of certain elements which form the 
group of hydroh'sates such a.s manganese, titanium, vanadium, zirconium 
etc. The silica .dong with magnesia, alumina etc. contained in the original 
rock are niiiu\ <‘d in .solution leaving behind Indroxides of iron and alumina, 
manganese etc. bunie anah'ses of gneisses and khondaliti-s in different 
stages of Weathering will be found in the papers b\- C. S. Fox and 
31. S. Krishnaii cited in the bibliograph\. 


In accordance with the relatire amounts of the elements present, 
laterite may be called ferruginous, aluminous and manganiferous. In 
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general, ferruginous latente is red to red-brown in colour, the aluminous 
one grey or cream, and the manganiferous one dark brown to black. 

Relation to Parent Rock. —Laterite may be deri\’ed from a variety 
of rocks. These include alkali rocks like nepheline-svenite, trachyte ; 
intermediate and basic igneous rocks like diorites and basalts ; gneissic 
rocks rich in feldspars ; and sedimentary rocks including shales and impure 
limestones. The bau.xite deposits of .Arkansas in the United States and of 
Pocos de Caldas in Brazil represent the type deri\-ed from alkali rocks. 
Most of the deposits of India are derived from dolerite and basalt of the 
Deccan Trap formation. The laterites of French West .Africa and Portu¬ 
guese Guinea are derived mainly from dolerite and diabase. .Many deposits 
in the world belong to the type derived from feldspathic rocks containing 
only a moderate amount of alumina and some silica ; these include gneis.ses 
and granitic rocks which ha\’e given rise to deposits in South India, in the 
Guianas in South .America and other (iLices. .Aluminous cla\’S haie given 
rise to bauxite and laterite in Georgia and South ('arolina in the U.S..\. 
Impure limestones and dolomites ha\'e gii'en rise to laterite in the Medi¬ 
terranean region and also in the Caribbean region. 

In India large deposits of laterite are found as cappings over the Deccan 
Trap, the thickness of the capping being sometimes as much as 100 feet. 
There is usually a layer of highly ferruginous material at the surface, below 
which there is a bed of aluminous laterite or bauxite. These grade further 
below into lithomargic clay which gradually merges into the unaltered 
rock. The upper portion consists of laterite and bauxite with little or no 
combined silica. 

Laterisation is seen also in the Eastern Ghats where the prevalent rock 
is khondalite (gariiet-sillimanite-feldspar gneiss). The material is mostly 
ferruginous laterite but occasionally rich enough in alumina to be called 
bauxite. Similar is the case with the laterite found on gneissic rocks in 
Malabar. This latter material still contains some combined silica. In 
typical sections in Malabar, the surface material is gravelly or pellety in 
structure, underlain by mottled vermicular laterite containing clay minerals, 
iron oxides and some free silica. Below this comes the soft, pale coloured, 
lithomargic clay which preserves to some extent the gneissic structure of 
the original rock which underlies it. This is really kaolinised gneiss 
gradually changing to laterite. 

In this connection .Sir John Harrison’s obser\ atious are interesting :— 

" Under tropical conditions, acid rocks, such as aplitcs. pegmatites ur granites 
or granitic gneiss, do not undergo laterisation but gradually change through kata- 
morphism into pipe or pot-clays, or more or less quartziferous impure kaolins.” 

" Under tropical conditions, the katamorphism of basic and intermediate rocks, 
at or close to the water-table, under conditions of more or less perfect drainage, is 
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accompanied by the almost complete removal ot silica and of calcium, magnesium, 
potasbium and sodium oxides, leaving an earthy residuum of aluminium tnhydrate 
(m its ciystalline form ot gibbsitej, limonite, a few unaltered fragments of feldspars, 
and in some cases, secondary- quartz, and the various resistant minerals ongmallv 
present in the rock. The residuum is termed primar}' laterite 

Distribution. —Laterite is extensivelv distributed ui reniiisnlar 
India. It is common over the Deccan traps in the greater part of Bombay, 
Madhya Bharat, Madlu'a Pradesh and Bihar. There are several occu¬ 
rences on the khondalitcs of Eastern Ghats and gneisses of the uestern 
Ghats in Malabar and 'I rawincore. I'here are also numerous occurrences 
of thin crusts of laterite in manv other parts of India on rocks of almost 
every description. Thin beds of laterite have been found o\-er the Pocene 
rocks of Western Pakistan, and also at the top of the Pipper Gonduanas .it 
their junction with the Cretaceous beds in the Tnchinopoly district, Madras, 

High-level and Low-level Laterite. —All the more important 
occurrences of laterite form massive beds which generally are found capping 
hills in the Deccan trap countrv'. The laterite cap varies considerably in 
thickness and may be up to 150 or 200 feet. Laterite also occurs in the 
plains and at the base of the hills, these being m most cases of secondary 
origin, derived from the high-le\’el laterite and recemented after deposition 
in the ^’alleys or plains. Low-kwel laterite is therefore mainly of detrital 
origin while }ugh-Io\-cl laterite is primary material. On the whole, the 
primary material is compact and fairly uniform in composition while the 
detrital laterite is heterogeneous. 

Age. —There are no detinite criteria for detcnnining the age of the 
laterite. The e.xisting deposits in most parts of India may ha\'e been 
formed during the L'ppicr Tertiary, probably mainly during the Pleistocene. 
The process is active c\'en at the present dav. As mentioned above, there' 
are also laterites belonging to other ages not only in this country, but also 
elsewhere even in countries which are now in the cool temperate zone. 

Origin. —Laterite consists mainly of the o.xides of iron and of alumina, 
those rich in alumina grading towards bauxite. It is now generally agreed 
that the conditions favouring the formation of laterite are a warm, humid 
climate with plcntiliil and well-distributed rainfall and good drainage. 
The weathering process mav produce eitlier laterite and bauxite or clav 
minerals from aluminous and iron-bearing rocks. Under condition of poor 
drainage, clay minerals are formed such as kaolinite, montmorillonite ami 
illite. If there are well-defined wet and dry seasons and fairly good tlrain- 
age, the clay minerals are decomposed to form laterite. But with evcnl\’ 
distributed rainfall all through the year, iron oxide tends to be removed in 
solution because of aeration, leaving behind mainly aluminium hydroxides. 
An alkaline condition of the waters (a fairlv high pH value) is favourable 
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for the formation of bauxite and laterite. but an acid environment produces 
only silicates in the form of clay minerals. Even though the percolating 
waters mav be alkaline, an acid condition may often be brought about by 
the presence of humus acids in the beds undergoing weathering. 

It also happens that when weathering has produced a zone of clay 
minerals, subsequent uplift of the area resulting in good drainage may 
bring about the formation of bauxite and the downward migration of the 
clay zone. The clay minerals are formed in the zone w here there is poor 
drainage. 

\k M. Goldschmidt has shown that the elements concentrated in the 
laterite type of weathering are those with intermediate ionic potential (the 
ratio of ionic charge to the ionic radius) ranging between 3 and 10. Those 
with low potential, c.g., the alkalies and alkaline earths, form the soluble 
cations while those with high potential like phosphorus, nitrogen, sulphur, 
silica etc. form the soluble anions. 1'he elements of intermediate ionic 
potential are hydrolysed and form the hydroxides of the lateritic zone. 
The minerals found in bauxite are dias|)ore, boehnnte, baycrite and gibbsite. 
The former two are monoht'drates while the other two are trihydrates. 
Aluminium hydroxide gels or one of the tnhydrates can be converted into 
diaspore by heat or low grade metamorphism. The gels may also form one 
of the hydroxides, depending on the prevalent conditions, exposure to 
carbon dioxide and ageing being favourable for the formation of bayerite 
and gibbsite. 

There is a fairly voluminous literature on laterite and bauxite and 
the reader is referred to the references at the end of the chapter. 

Uses. —Ferruginous laterite is used extensively in some parts of India 
for building houses, culverts, bridges and other structures. It is easily 
dressed when freshly quarried but hardens on exposure and is a fairly good 
and durable building stone. 

.\luminous laterite (or bauxite) is used as an ore of aluminium, f.c., for 
the preparation of high grade alumina which is fused and electrolysed for 
the preparation of the metal. It is also used in oil relining as its colloidal 
constituents have the property of decolourising oils. It can be employed 
for the manufacture of salts of aluminium and for making high-alumina 
cement. There is, in the ferruginous laterites of India and other countries, 
a vast store of iron which it should be possible to smelt cheaply at some 
future date when the high grade haematite dejiosits become scarce or 
costly to mine or when technological advances enable laterite to be used 
economically as an ore of iron. 
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SOILS 

The two major types of soil are residual and transported. The lirst 
one is deri\'ed in situ from the rocks present in the area and the second is 
brought in by flowing water or wind from elsewhere. The soils in river 
valleys, deltas and mountain valleys belong to the second type, while those 
of the other areas are mainly of the first type. 

The soils of India have been classifietl into lateritic, red, black, forest, 
alluvial, marshy, saline-alkaline and desert soils. This classification, 
depending on climate and rainfall as well as the drainage characteristic 
of the area, has been adopted in a recent Publication entitled “Report of 
the All-India Soil Sur\-ey Scheme ” under the Indian Council of Agricultural 
Research and published as its P>ulletin Xo. 73 in 1953. Other methods of 
classifying soils according to their jiliysical characteristics and chemical 
composition may also be adopted. 

Lateritic Soil. —This is rich in iron and aluminium with some titanium 
and manganese. It is generally red and clayey and is fairly common 
in the areas occupied by the Deccan Traps and some Archaean gneisses, 
particularly in the Western Ghats of Mysore, Malabar and Trai'ancore. 

Red Soils form a large group and occupy large areas in India. They 
are light and porous and contain no soluble salts, kankar or free carbonate. 
These soils are extensit'elv developed over .\rchaean gneisses and are generally 
deficient in phosphorous, lime and nitrogen. The red soils are not always 
necessarily red in colour though frequently light red to brown. The colour 
is due to the o.xidation and wide diffusion of the iron content. They are 
moderatel}' fertile for agricultural purposes. 

Black Soil or Regur is a clayey to loamy soil composed largely of 
clay material. It is the well-known ‘ black cotton soil ’ and is the same 
as the Russian chernozem. It is generally black and contains high alumina, 
lime and magnesia with a variable amount of potash, low nitrogen and 
phosphorous. It is generally porous and shells considerably on addition 
of water and dries up with conspicuous cracks on losing the moisture. The 
swelling property is due to the high content of montmorillonite and beidel- 
lite groups of clay minerals, 'riiough sticky when wet and practically 
impassable in the rainy season, the black soil is not a compact or heavy 
clay. It IS fairly \\idel\- sjiread on the Deccan Trajis and on some areas of 
gneissic and calcareous rocks, as for example in Htderabad and in the 
Central and Southern districts of Madras. It appears to be prevalent in 
areas with rather low rainfall (20 to 35 inches). 

Alluvial Soils do not really form a definite group. They represent 
both transported and residual soils which mav have been re-worked to some 
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extent by water. Most of the alluvial soils are found in vallec s and deltas 
and some may be present in forest and semi-desert areas also. 

Forest Soils may be divided into two groups—one composed of acid 
soils and humus with low base .status favourable for the formation of podsol, 
while the other consists of neutral soils with high base status, l-'orest soils 
are generallv cjuite rich in humus. 

Peaty and Marshy Soils are found in areas which are water-logged 
due to impeded drainage. They are generally rich in organic matter and 
may he associated with peaty material. 

Saline and Alkaline Soils are found in areas of poor drainage with 
high evaporation or in areas of exccssiw irrigation without proper fleshing 
out of the salts by e.xcess water. They often show efflon'scencc's of soilium, 
calcium, and magnesium salts as these salts are drawn up to the surface by 
capillary action and drying at the surface. Some of the^e soils contain fair 
amounts of exchangeable sodium. 

Desert Soils are those which are found m and regions under conditions 
of poor water supply. They often contain some soluble salts which are 
concentrated by inland drainage. 

Soils can also be classified according to the parent rocks from which 
they have been deri\-cd, but in such cases the transported soils will have to 
be studied in relation to the areas from which they were ongmallv derived. 
The soils of India, on the basis of their geological and mineralogical origin, 
have been described by Wadia, Krishnan and Mukherji. In this case 
emphasis was given to the nature of the original rocks and their chemical 
and mineralogical and weathering characteristics. 

The soils of the Indian Peninsula have, in a largo measure, attained a 
high degree of maturity as they haw been under cultivation for many 
centuries and, therefore, represent the pioducts of weathering over long ages. 
In contrast with this the alluvial soils are generallv not so mature. They 
are, however, rich and support a large agricultural population and livestock. 

There is naturallv a considerable \'ariation in the nature, origin and 
characteristics of soils depending on their origin and the changes to w hich 
they have been subjected during their e\'olution. Their stiicK’ now belongs 
to the realm of agriculture, although their mineralogical char.icters can best 
be elucidated by geologists. 


RECENT CH.ANGES OF LE\ EL .\LONG THE CO.VST 

Numerous changes ha\-e occurred along the coasts during Recent and 
historic times. These comprise both submergence and emergence. 
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.4s e\ idences of emergence, we may cite the elevation of parts of the 
coast of Kathiawar, of the Rann of Kutch and of the eastern coast 
of Southern Inrlia. In the districts of Timievelly and Ramnad, Pleisto¬ 
cene and recent grits and clavs are noticed to form raised beaches. Several 
places which \\ ere on the sea some centuries ago are now a lew miles inland. 
For instance, ( oringa near the mouth of Godavari, Ka\'eripatnam in the 
Cainery delta and Korkai on the coast of Tiniie\'elly were all flourishing 
sea ports about 1,000 to 2,000 years ago. Their present position some 
distance inland may be attributed to the gradual growth of deltas of the 
rivers at whose mouths they lie. 

In the Princes Dock at Boinbav tree stumps were found standing 
in situ at a depth of 30 ft. below high water level. On the Tinnevelly coast 
also, in the A'alinokkam Bay, a similar submerged forest has been noticed, 
with numerous tree stumps of about 2 ft. diameter at the base showing up 
at low tide over a bed of black clay containing oyster and other marine 
shells. large part of the Gulf of Manaar and Palk Strait is very shallow 
and has apparently been submerged only in recent geological times The 
sea has advanced on land at Tranquebar on the Tanjore coast and the remains 
of a temple could be .seen above water level in the last century. Similarly 
also a part of the former to\\n of .Mah.ibalipuram near Madras is known to 
ha\-e been submerged siweral feet under the sea. In the city of Madras 
itself, the sea is v igorously invading the area to the north of the harbour, 
but this is evidently largelv due to the construction of the harbour, for the 
coastal current sweeps past the pier and whirls in towards the land on the 
northern side, the prevailing direction of the current being from south to 
north. 

The .\rakan coast as well as the islands of the .\ndaman and Nicobar 
group have undergone submergence in the Pleistocene and Recent times. 
Indications of submergence of the Arakan and Tennasserim coasts are 
furnished by the deep creeks and inlets which are noticeable in the topo¬ 
graphical map. The submergence is also verv clearly seen from the air 
when flying along these coasts. On the other hand, the eastern coast of 
the Malay Penimsiila has been slightlv uplifted during the same period. 

( hanges of level have also occurred as a result of earthipiakes. A 
large area borderiiig the Kami of Kutch wa< ^.uddenlv submerged to the 
e.xteiit of 15 ft. whil<‘ the adjoiiiiii.g area to the north was elevated, after the 
earthquake of 1819. veral cases of change of level have been recorded 
after great earthquakes like those of .\ssam in 1897 and 1950 and of Bihar 
in 1934. The Madhupur jungle in eastern Bengal is known to have been 
elevated by as much as 50 to 100 ft. in historic times, inducing thereby a 
westward shift of the course of the Brahmaputra in Bengal. 
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Changes in the courses of rivers 

Some of the important changes in tlie courses of the n\-ers of the Brah¬ 
maputra, Ganges and Indus systems have already been referred to. Some 
of them are attributable to the building np of alluvial lavers and of subsidiarv 
deltas along the courses of the rivers. All the rivers emerging from the 
Himalayas have built large talus fans at their debouchures in the plains, 
through which the}’ repeatedly cut new channels. It is also noticeil that 
there is a tendenc\’, particiilarlv amongst the ri\ers of the Indus svsteni, 
graduallv to shift their courses towards the west. It has been suggested 
that this is connected with the rotation of the earth, but in such a case 
similar phenomena should be obsenable in the case of all ri\ers in the 
northern hemisphere. 

Amongst the most notable changes is the dr\’ing up of the rivers which 
once flowed through Rajasthan. 1'his is inaiui\' due to the gradual desic¬ 
cation of the region, aidt'd to a large extent In- deiorestation. Deforestation 
alwat's contributes to a decrease iii )x“rcolatiou into the strata umlerground 
and to an increase in the ruu-olf. the latter leading to fre([uent floods. It 
also leads to the shallowing up of th.e river beds and encourages the tendency 
of the rivers to overflow their banks almost at ei’erv opportunity when the 
run-oft IS fairl}' large. 
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Adnetherkalk, 386, 405 
Aeolian deposits 532 
Agglomeratic Slates 247, 331 
Ahmednagar Sandstone 274, 413 
Aiyengar, N. K, N., 503 
Ajabgarh Series, 190, 196 
Akauktaung Stage, 493 
Albaka Stage, 184 
Alkali rocks, 115, 119, 120, 133, 155 
Alluvium : (Jodavan, 527 : Indo-tlange- 

tic, 528 ; Irrawaddy, 528 ; 

Krishna, 528 ; Narmada, 527 ; 

Aladras area, 528 ; Sutlej, 524 
Almod Beds, 267, 268 
Alum Shales, 388, 470 
.\lveolina Limestone, 464, 471 
Alwar Senes, 190, 196 
Anib Beds, 338 
Amla Granite, 126 
Anceps Bed.s, 397 
Andalusite, 121, 156, 184 
Andaman Islands, 67, 76, 478, 542 
Angara flora, 308 
Angaraland, 308, 324 
Anorthosite, 114, 139, 143, 168 
Antimony, 160 

Apatite, 1 12, 118, 138, 155, 169 
Arabian Sea, 77 
Arakan coast, 50, 542 
Arakan Vomas, 50, 378, 428, 458, 479 
Aravalh-Mountains, 7, 54, 57, 78, 127, 178, 
188, 533 

Aravalli System, 7, 127, 131 
-■\ravalli strike, 54, 57 
Archaean Group (see also Pre-Cambrian) 
54-59, 100-157 
Argentina, 297 
-Ariyalur Stage, 422 
-\rkasani granophyre, 138, 140 
Arsenic, 160 
Artesian aquifer, 513 
Aryan group, 95 

Assam : Archaean, 143 ; Permian, 331 ; 

Cretaceous, 427 ; Tertiarj, 456 , 
Eocene, 476; Oligo--Miocene, 489, 
Mio-Pliocene, 510. 

Assam Plateau, 49, 55, 59, 143, 530 

Assam wedge, 59 

Asbestos, 113, 169, 195 

Athgarli Sandstone, 277, 313 

Athleta Beds, 397 

s\ttock Slate.s, 151, 194 

Auden, J. B., 54, 65, 150, 437 

Auk Shales, 203, 207 

-Australia ; Mesozoic strata, 285-287 

-Autoclastic, 103, 142, 191 

Axial group, 73, 378, 429 


: Badasar Beds, 396 
! Bagh Beds, 413 
I Bagra Stage, 270, 271 
I Bailadila Iron-ore Series, 121 

■ Bam Boulder-bed, 524 

' Bairenkonda Quartzite, 182 
Baluchistan arc, 14, 15, 67 
I Ball, V., 206 

Baluchistan ; Trias, 377; Jurassic, 392 ; 
: Cretaceous, 410 ; Tertiary, 

! 452 ; Eocene, 462 ; Oligo- 

j cene, 486; Mio-Pliocene, 510 

I Banas River, 20 

I Banded hematite-cjiiartzite—Ferru- 
I gmous cjiiartzite 

■ Banded Gneissic Complex, 128, 130, 147, 

: 1^3 

i' Baiulitc Series, 106 
j Banganapalle Scries, 203, 206 
. Bap beds, 258 
Baragoloi Stage, 489 
Barahat Series, 247 
Barail Series, 489, 496 
Barakar Series, 262, 305 
I Baripada Beds, 498 
j Barite (Barytes), 180, 196, 419 
, Barmer Sandstone, 274, 413 
Barren Island, 49, 77 
Barren Measures, 265 
Basal Stage, 198 
I Bauxite, 6, 442, 449, 539 
Bawdwm Volcanics, 156, 229 
Bawdwm ore-bodies, 231 
Bav of Bengal, 76 
Beas River, 24 
Beaufort Senes, 290, 291 
Belemmto Beds, 412 
Belemmtes gerardi beds, 382 
Bellarv Gneiss, 111 
Bengal, .Vrehaeans, 143 
Bengal Gneiss, 111, 140, 143 
Bengpal Series, 121 
I Beryl, 143, 155, 170 
I Betwa River, 31 
! Bliabar, 534 
j Bhadrar Beds, 471 

Bhander Series, 199, 201 
Bhangar, 529 
Bliima River. 18, 203 
Bliima Sene.s, 203 
Bhoha, K. L , 130 
Bhuban Stage, 490 
Bhuj Stage, 277 
Bhur lands, 535 
Bidaloti Senes. 107 
Bijawar Sene-., 186, 187 
Bijaigarii Shales, 200 
Bijori Stage, 267, 268 
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Binota Shales, 131 
Bintenne Gneiss, 116 
Bivalve Beds, 374 
Blaini Beds, 347 

Blaini boulder-bed, 247, 255, 313, 346 

Blanford, W. T., 437, 516 

Block-faulting, 2, 64, 210, 254, 303 

Block-uplift, 8, 49. 55, 75 

Boka Bil Stage, 490 

Bokaro coalfield, 262 

Bolan Limestone, 464 

Bose, P. N., 187 

Boulder-Conglomerate, 507 

Brahmani River, 18 

Brahmaputra River, 33 

Brown, J. C., 238 

Buchanan, F., 536 

Budavada Sandstone, 280 

Budhi Schists, 195 

Bugti Beds, 487 

Building stones, 170, 196, 206, 207, 313, 
417, 448 

Bundelkhand Gneiss, 129, 135, 147. 193 
Burma : Archaeans, 154^157 ; Cambrian, 
229 ; Ordovician-Silurian, 236 ; 
Devonian, 241 ; Carboniferous, 
245 ; Permian, 347 ; Trias, 377 ; 
Jurassic, 400 ; Cretaceous, 428 ; 
Tertiary, 457 ; Eocene, 478 ; 
Oligo-Miocene, 491 ; Mio- 
Pliocene, 512 ; Pleistocene, 528 
Burma ; Volcano belt, 85 
Burmese Arc, 15, 66, 67, 85 
Burrard, S. G., 84, 529 
Burton, R. C., 122 
Buxa Series, 153 

Byans ; Triassic, 362 ; Jurassic, 386 ; 
Cretaceous, 403 
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Calcareous Zone (Baluchistan Arc) 68, 
410, 452 

Calc rocks, 103, 135, 143, 154. 190 

Callovian unconformity, 381, 383 

Cambnan System, 69, 209-232 

Carboniferous System, 70, 242-246, 324 

Cardita beaumonti Bed, 435, 446, 463 

Cardita subcomplanata Bed, 411 

Carlsberg ridge, 78 

Carnatic Gneiss, 112 

Carnic Stage, 355, 360, 365, 371 

Cassiterite, 167 

Cauvery River, 19 

Cave deposits, 534 

Celestite, 419 

Cenomanian transgression, 312, 402, 415 
Ceratite Beds, 374 
Ceratite Marls, 374 
Ceratite Sandstone, 374 
Ceylon ; Archaeans 115-118 ; Gondwanas 
282 ; Miocene 76, 499 
Chagai Zone, 453 
ChaU Series, 152 


I Chambal River, 31, 202 
i Champaner Series, 133 
, Champion Gneiss, 107, 162 
I Chandarpiir Sandstones, 185 
I Chandpur Beds, 194, 247 
! Chan Series, 397 

I Charnockite, 4, 6, 57, 108-111, 116, 119, 
I 145, 170 
j Chatterjee, S. K., 125 
I Chaugan Stage, 273, 274 
i Chaiing Magyi Series, 156, 193, 195, 229 
I Cheduba Island, 50 
Chenab River, 23, 40 
Cherrapuiiji, 4, 477 
Cherra Sandstone, 477 
Cheyair Series, 179, 180 
Chharat Series, 473 
Chicharia Beds, 269 
Chidamu Beds, 382 
Chidru Beds, 340 
Chikiala Stage, 273 
Chikkim Series, 402 
Chilka lake, 42, 531 
Chilpighat Series, 122, 126 
Chindwin River, 37 
Chinji Stage, 505 
Chin Shales, 378 
Chintalpudi Sandstone, 267 
Chiplonker, G. W., 414 
Chirakhan (Deola) Marl. 414 
Chitichun Limestone, 340, 342, 344 
Chitichun facies. 327, 329, 367, 386, 405 
Chitral; Devonian, 242 ; Carboniferous, 
245 ; Cretaceous, 410 
Chitral Slates, 245 
Chocolate Series, 364 
Chor Granite, 152 
Chota Kagpur Gneiss, 140 
Christie. \V. A. K., 43, 219, 221 
Chromite, 6. 79, 113, 138, 140, 161. 183, 
411. 430 

Chrysoberyl, 173 

Clays, 172, 196, 313, 483, 513, 515 
Clegg, E. L. G., 156 

Climate, Present day, 3, 533 ; Gondwana 
304 ; Tertiary 451, 503, 516 
Closepet Granite, 111 
Coal. 63, 64, 200, 253, 262, 267, 301. 304, 
305. 314-322, 464, 473, 479, 482, 489 
Coates. J. S,, 116 

Coast : Eastern 76, 312 ; Western 77. 
85 

Coast, recent changes, 542 
Coastal deposits, 531 

Coalfields : Gondwana 64, 305, 306. 314- 
322 ; Tertiary 470, 481, 489 
Cobalt, 167. 195 
Colair, 42 

Colbert, E. R., 508. 509 
Colurabite-Tantalite, 161 
Compensation, isostatic, 83 
Conjeevaram Gravels, 514 
Continental shelf, 77 
Conularia horizon, 336 
Copper-ore, 126, 138, 152, 161, 191, 195 
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Coral limestone, 357 
Cordierite, 120, 121, 154 
Corundum, 114, 144, 154, 172 
Cotter, Cl. de P., 221, 429 
Coulson, A, L., 127 
Cretaceous System, 72, 73, 401-432 
Cretaceous, igneous rocks in, 73 
Crookshank, H., 120, 121, 130 
Crystal warp, 85 
Cuddalore Sandstone, 515 
Cuddapah basin, 60, 250 
Cuddapah System, 61, 178, 196 
Cuddapah slabs. 206 
Cuddapah traps, 180, 182 
Cumbum slates. 182, 196 
Cutch aee Kutch 
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Dachstemkalk, 357, 364, 366, 405 

Dagshai Beds, 488 

Dal Lake, 46 

Daling Series, 152, 153 

Dalma Volcanics, 138 

Daman Slopes, 534 

Damodar Xiiver (Valley), 18, 32, 303, 305. 
306, 311, 316 

Damuda System, 261-268, 305, 306 
Dana, J. D,, 100 
Daonella Shales, 350. 354 
Daonella Limestone, 350, 354 
Darjeeling Gneiss, 152, 153 
Das Gupta, H C , 427, 444 
Davies, L. M., 221, 464 
De Bournon, 114 
Deccan Traps, 77, 434-449 
Delhi System, 62, 129, 178, 188 
Delhi Quartzite, 133 
Denwa Stage, 270 
Deoban Limestone, 152 
Deola (Chirakhan) Marl, 414 
Deoil Beds, 269 
Desert deposits, 532 
De Terra, H., 506, 527 
De Terra and I^aterson, 516, 519 
Devonian System, 70, 240-243 
Dhak Pass Beds, 468 
Dhands, 45 

Dhandraul Quartzite, 200 
Dhanjori Stage, 139 
Dhansiri Kiver, 35 
Dliarwar System, 100, 102-106, 147, 
188-192 

Dhok Pathan Stage, 505 
Dhosa Ootite, 397 
Dhrangadhra Sandstone, 274 
Diadematus Zone, 397 
Diamond. 187, 188, 201, 203, 205 
Didwana Lake, 43 
Diener, C., 151, 328, 358, 382 
Diking Senes, 511 
Disang Series, 478 
Dogra Slate, 150, 151, 194 
Dome Gneiss, 111, 140, 143 


Dravidian Group, 95 
Dubey, V. S„ 187, 188, 206, 438, 447 
Dubrajpur Sandstone, 270 
Dudukuru (Dudkur) Beds, 444 
Dunes, 532, 534 

Dunghan (Ilolan) Limestone, 464 
Dunn, J. A„ 138, 232 
Dupitila Series, 511 
Durgapur Beds, 270, 514 
Du Toit, 301, 310 
Dwarka Beds, 459, 513 
Dwyka Series, 288 


Eames, F. E,. 464, 499 
liastern Coast, 76, 312, 458, 531 
Eastern Ghats, 6 , 55, 57, 119, 312 
Eastern Ghats Strike, 55, 57 
Earthquakes, 2, 47-49, 80 
Ecca Series, 290, 291 
Eclogite, 114, 155 
Emerald, 173 
Eiulerbite, 110 
Eocene System, 75. 462 
Erinpura Granite, 128, 130, 135, 188, 190, 
192, 193 
Erratics, 524 
Euramerican flora, 308 
Eurj desma Bed, 261, 334, 335 
Evans, P. and Crompton, 85 
Everest, Mount, 14, 30, 66 , 329, 386 
Everest Limestone, 329, 330 
Everest Pelitic Series, 329, 330 
I Everest’s spheroid, 81 
j E.xotic (blocks), 66 , 73, 328, 367, 404, 405 

1 

I F 

i 

Ears Senes (Persia), 223 
Fatehjang Zone, 487 

Faults ; Assam, 50, 75, Burma. 67; Balu¬ 
chistan, 68; Deccan Traps, 436; 
Eastern Ghats, 120, Gondwanas, 
64, 254, 303, 311 ; Himalayas, 
66 ; Mam Boundary, 64, 65, 202, 
502 ; Great Boundary, 127, 131, 
135, 202 ; Narmada Valley, 311; 
Western Coast, 77, 78 
( Eeistmantel, O . 254, 281 
i Eenestella Shales, 244, 245 
Eermor, L. 1., 100, 102, 120, 123. 125, 127, 

! 146,155,311.438,439,441 

! Ferruginous Quartzite, 102, 103, 105, 113, 
137-138. 147, 153. 187 
j Fire-clay, 207 
! Floods. 23. 38. 41 
Fluorite, 112, 143, 168, 192 
, Flvsch, 68 , 72, 75, 402, 403, 465, 484, 486 
! Foote, R. B., 100, 102, 203, 206, 281 
! Fore-deep, 76, 84, 451, 501. 529 
Fossil wood, 306, 420, 494, 503, 512, 514 
I Fossil wood group, 512 
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Fox, C. S., 205, 221, 254, 258. 311. 

438, 447, 536 
Fuller's earth, 196, 481 
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Gaj Series, 485, 498 
Gajansar Beds, 399 
Gandak River, 29 
Gangamopteris Beds, 261, 262, 332 
Ganges (Ganga) River, 27, 40 
Gangetic alluvium, 528 
Gangpur Senes, 141 
Ganurgarh Siiales, 199 
Garbvang Senes, 229, 250 
Gee, E, R., 209, 219, 221, 222 
Gemstones, 154, 173 
Geodetic observations, 81 
Geoid, 81 

Geological Systems, 91, 92 
Ghazaband Limestone, 465 
Ghazi] Shales, 464 
Ghosh, A. M. N , 263, 477 
Ghosh, P. K., no, 121, 127 
Ghosh, S. K., 311 
Gigantoptens flora, 71, 308, 309 
Gill, W. D., 210 
Giri Limestone, 407 
Giridih Coalfield, 261 
Gir.ujan Clays. 511 
Giuraal Sandstone.s, 401 
Glaciation, Gondwana 62-63 ; I’lcistocene 
516, 519 
Glaciers, 15-17 
Glass sand, 208 
Glauconite, 198, 405. 409 
Glennie, E. A., 85 

Glossopteris flora, 70, 71, 253, 255, 307, 
308, 309 

Gneiss : Bellary, 11; Bengal, 111, 140, 143; 

Bezwada, 120; Bintenne, 116; 
Buiidelkliand, 111, 129, 135 ; 
Carnatic, 112 ; Chota Nagpur, 
138, 140; Dome, 111, 140; 
Darjeeling, 65; Hosur, 111; Kai- 
lasa, 120; Kadugannawa, 116 ; 
N'ilgin, (iee Charnockite)’ ; 
Peninsular, 107, 170;3Vanni, 116 
Godavari River (Valiev), 18. 183, 254. 267, 
303, 305, 306, 311, 317 
IJogra River, 29 
Gokak Falls, 20, 183 
Golapdh Sandstone, 278 
Gold, 105, 112, 126, 140, 162-164 
Goldschmidt, V. M., 539 
Golden oolite, 388, 397 ' 

Gondite 125, 126, 133, 141, 165, 166 
Gondwana Coalfields, 316-322 
Gondwanaland, 70, 253. 304, 310, 312, 
324, 431, 450 

Gondwana Group, 62-64, 253-322 ; 

Angola, 292 ; Argentina, 297, 
Antarctica, 299 ; Australia, 285- 
288 ; Brazil, 294-296 ; East 


Africa, 291; Falkland, Is. 298; 
Mozambique, 291; Madagascar, 
293 ; Rhodesia, 291 ; South 
Africa, 288-291; Tasmania, 287 
, Gopal, V'., 282 

Granite: Amla, 126; Closepet, 54, 111 ; 

' Central Himalayan, 65, 497 ; 

! Ennpura, 54, 130, 192; Hosur, 

; 54 ; Idar, 192 ; Jalor-Siwana, 

, 192 ; Kabaing, 154; Mt. Kailas, 

; 475 ; Myllicrn, 144; Singhbhum, 

I 54, 140 ; Tawng-Peng, 231 

■ Graphite, 118, 173 
I Graptohte Beds, 239 
I Gravitv anomalies, 82, 85 
i Great Limestone, 346 
i tfrev Shall s. 350, 355 
i Gnesbach, C. L., 151, 235. 384 
Gulchcrii tjuartzite, 180 
(iupta, B C . 127 
; Gwadar Stage, 510 
i tiivalmr Senes, 132, 1S6 
I Gvmiiitcs Beds, 368 
Gvpsum, 201, 211, 214, 216, 222, 417, 471 
i Gujarat, 54, 133. 413, 437, 459, 481, 498 
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Haflong-Disang fault, 60, 476, 478, 489 
Haimanta System, 151, 194, 226-229 
' Hallstadt marble, 329, 351, 364, 367, 386, 
j 405 

: Halobia Beds. 350, 353, 360 
1 Halorites Beds, 360, 365 
Hangn Shales, 472 
Hangu breccia, 473 
Harrison, J., 536 
Hayden, H, H., 151, 228. 475 
i' Havford, 83 

: Hazara, 14. 247, 346, 367, 376, 387, 408, 
i 474 

j Hazara Slates, 194 

j Heim and Gansser, 65, 86, 152, 195, 205, 

; 329, 284, 250, 328, 358, 364, 403, 

I 404 

I Heiskanen. 83 
i Hemiaster Beds, 407 
Heniipncustes Beds, 411 
Hercvnian revolution, 63. 70, 252, 307, 
313, 324 
Hercvnite, 114 

I Heroic A. M, 112, 127, 130, 186, 193 
j Hidden range and trough, 84 
Hill limestone, 473, 474 
Himalaya 31ts., 10, 13, 14, 64-65. 80 
j Himalayan (Alpine) Orogeny, 310,450 
; Himgir Beds, 268 
I Himmatnagar Sandstone 274, 413 
I Hindukush, 14 
! Hinglaj Sandstone, 486 
' Hippurite Limestone, 410, 446, 454 
I Holland, T. H., 43, 95, 100, 110, 115, 221 
Holmes, A , 57. 58 
Hooghly Ri\er, 32 
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Hormuz Series (Iran), 205, 223 

Hornstone breccia, 190 

Hosur gneiss, 111 

Huene, F. von, 253, 443, 447 

Huniles, 366, 386, 403 

Hutti goldfield, 164 

Hyderabad' Archaeans 112; Pakhals 184, 
Bhimas 203 
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Idar Granite, 192 
Ilmenite, 108, 114, 168, 439 
Indo-Gangetic alluvium, 528 
Indobrabm, 503 
Indo-Gangetic plains, 1, 2, 48 
Indus River. 10, 22. 39 
Infra-Krol Series, 250, 346 
Inlra-d'rappean bed.s, 443 
Infra-Tnas, 247, 346, 376 
Inttr-Trappean beds, 444 
Irlakonda Ouartzite, 182 
Iron-ore, 12’l, 126, 127, 132, 138, 147, 164. 
265, 314 

Iron-ore Series, 137. 141 
Iron-ore Series (Bailadila), 121 
Ironstone shales, 265 
Irrawaddy River, 37 
Irrawaddy System, 75, 512 
Isostasy. 82, 83 
Iyengar, Sampat, 107 
Iyer, L. A. X., 155, 183, 280 
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Jabalpur Senes, 273, 274 
Jabbi Beds, 340 
Jacob, K., 283 
Jadeite, 430 
Jaffna Senes, 499 
Jaintia Series, 456, 477 
Jaisalmer Limestone, 396 
Jalor Granite, 192 
Jammalmadugu Series, 203 
Jaiinsar Series, 247 
Jaffreys, H , 84 
jenam Stage, 490 

Jharia coalfield, 262, 303, 305, 316, 321 
Jiieium River, 23, 24, 40 
Jilin Shales, 199 
Jiran Sandstone, 131, 191 
Jog (Gersoppa) falls, 20 
Jones, H. C., 137 
Jiimna River, 27, 28 
Jurassic System, 72, 381-400 
Jutijgh Series, 152 
Jiivavites Beds, 350, 355 
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Kabaing Granite, 154 
Kailas Range, 9 
Kailas congloiiieratc, 475 


Kailas granite, 475 
Kailas, lit, 10, 22, 25, 66, 404, 475 
Kaimur Series, 199, 200 
Kajrahat Limestone, 198 
Kalabagli Beds, 340 
Kalacliitta hills, 376, 388, 473, 506 
Kaladgi Senes, 183 
Kalar Ilahar, 44 
Kalapani Limestone, 365 
Kali Riier, 29 
Kallar, 216, 535 
Kama Stage, 492 
Kamawkala Limestone, 377 
Kanilial Stage, 504 
Kanipa System, 407 
Kanithi Beds, 267 
Kanaivar System, 243 
\ Kanchenjmiga, 14, 30, 66, 152 
Kandra volcanics, 113 
! Kankar, 415, 529 
i Kaiitkote Sandstone. 399 
Kaolin, 513, 515 
Karakoram Range, 9, 63, 70 
I Kareivn formation, 521 
j Rarharbari Stage, 261 
I Karikal Beds, 510 
Karnali River, 29 

; Karroo System, 289, 291, 292, 293 
I Kasauli Beds, 488 

Kashmir: I’re-C'ambnan, 150; I’alaeo- 
I ZOIC lunfossiliferoiis), 247 ; 

) Cambrian, 226 ; Ordovician- 

Siliinaii, 235 ; Hevonian, 240 , 
I Carboniferous, 244 . I’aii|al 

; Trap, 331 : Gan,gamoptens beds, 

332 . I’ermian, 346 ; Infra- 
Trias, 346 : I'rias, 367, 368 ; 
Jurassic, 387 ; Cretaceous, 
407 ; Eocene, 474 ; K-.irewa, 
521 

Kashmir wedge, 60, 210, 223 
Katrol Sene.s, 399 
■ Ivatta Beds, 338 
i Kenya, 71, 292 
I Khadar, 529 
i Khairabad Limestone, 470 
' Kliara Saghoda, 43 
j Khardeola Grits, 132 
! Kliasi Greenstone, 144 
I Kheinjua Stage, 198 
Khewra Traj), 215 
I Khojak Shales, 454, 486 
Khojak Zone, 68, 69, 453 
Khondahte, 57. 110, 116, 119, 120, 154, 
166, 171, 173 
Kimlierlite, 187, 206 
King, W, 100, 122, 203, 280 
Kmzigitc, no 
Kiogad facies, 366 

Kioto I-imestone—Megalodon Lime¬ 
stone 

Kirthar Hills, 14, 15, 68, 78, 462, 509 
Ivirthar Series, 465 
Kathiawar, 438, 459, 512. 531 
Kistna Series, 179, 182 
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Kodunte, 6 , 119, 166 
Kohat Shales, 471 
Koilkuntia Limestone, 202, 203 
Kolamnala Shales, 182 
Kolar Schist belt, 105, 162 
Kolar gold fields, 162 
Kolhan Series, 139, 186 
Kopili Stage, 477 
Kosi Kiver, 30 
Kossmat, F., 419, 424 
Kota Stage, 273 

Kraftt, A. \'on, 151, 328, 403, 404 
Krishna (Kistna) River, 18, 202, 203 
Knslinan, AI. S., 127, 141, 437, 503 
Krol Belt, 66 
Krol Senes, 346, 387 
Kuldana Beds, 474 
Killing System, 263, 325 
Kumaon : Pre-Cambnan 151, Cambrian, 
229, Ordovician, 234; Silurian, 
235 ; Devonian, 240 ; Permian, 
327; Trias, 358, 364; Jurassic, 
384 , Cretaceous, 403 
Kiichman lake, 43 
Kiindair Senes, 202 
Kundghat Beds, 340 
Kurnool System, 179, 202 
Kiislialgarli Limestone, 190, 191 
Kiiti Shale, 365 

Kutch ; Oondwana, 277, Jurassic, 396; 

Cretaceous, 413, Tertiary, 459; 
iiocene, 481 ; Oligo-Miocene, 
497 

Ktanite, 138, 153, 173, 184 
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Laccadives, 54, 77 

I, achi Series, 258, 530 
Ladakh Range, 9, 10, 22 
Ladinic Stage, 354, 365, 371 
Laisong Stage, 499 
Lakadong Limestone, 477 
Lakadong Sandstone, 477 
Lake, I’., 55, 80 

Lakes, 42-47 
Laki Series, 464 
Lamelh branch Bed, 370 
Lameta Beds, 442 
Laiigpar Stage, 427 

J. aptal Series, 384 
l.askar, B., 263 

Laterite, 442, 475, 514, 535-539 

La 3'oiiche, 127 

1-aiingshe Shales, 479 

Lavender Clar s, 337 

Lead-ore, 165, 182. 238 

Lehner, 223 

Lei Conglomerate, 507 

Lepper, G. VV., 493 

Lewis, G. E , 506, 508 

Lignite. 459, 480, 481, 482, 513, 515, 523 

Lilang System, 351 


Limestone: Ajabgarh 190, 196: Alveolina 
464. 471; Bhagwanpura, 191 
; Bhander, 201, 207; Bhima, 204 

, Bolan (Dunghan), 464: Ccratit 

I 374 : Chharat, 473; Chikknn, 401 

; Cliitichiin, 340, 342, Coral, 357 

Daonella, 354; Everest, 329; Ga 
485 ; Gharaband, 465 ; Gir 
j 407 ; Halobia, 355. 360 

' Halorites, 360; Hcmipneiistes 

411; Hill, 355, 360; Hippurite 
j 410 ; Infra-Trias, 346 ; Infra 

I trappean, 482; Jaisaliner, 396 

I Juvavites, 355; Kajrahat, 198 

I Kalad.gi, 183; Kalapani, 365 

' Kamawkala, 377 ; Khairabad 

i 470: Kheirijiia, 198: Koilkuntia 

j 202 ; Kolhan, 186 ; Krol, 346 

Kiislialgarh, 190, 191 : Lachi 
330 : Lias, 392; Lakadong, 477 
Lipak 244; I.ockhart 473, Mega 
lodon, 357, 362, 370, 371, 377 
Meting, 464, Mogok, 155; Moul- 
mein 156,246; Miischelkalk, 352. 
354 ; Kallamalai, 182 ; Xammal, 
471 ; Xandyal, 203 ; Xan, 485 ; 
Xiiinmulitic, 465. 471, 474, 482; 
Xarji, 203,206, 207; Ximbahera, 
198, 207 ; Xiti, 358 ; Xodular, 

I 352 ; Xvaungbaw, 238; Padauk- 

; pin, 243 ; Fakha), 184 ; Palnad, 

203 : Parh 410 ; Patcham, 397 : 
i Penganga, 184 ; Plateau, 242, 

: 245, 246, 347 ; Porbandar, 531 ; 

Prang, 477; Productus, 338-342; 
Raialo, 134, 135 ; Raipnr, 185 ; 
Rohtas, 198 ; Sakesar, 471 ; 
Samana Suk, 392; Scarp, 407; 
Shah, 347; Shekhan, 471; Siju, 
478 ; SpintaDgi, 467 ; Sj'lhel, 
477 ; Syringothyris, 244 ; 

I Tirolian, 198 ; Traumatocriniis, 

360; Tropites, 355, 363, 365 ; 
Tuna, 407 ; Umlatdoh, 477 ; 
Yempalle, 180 
Lipak Series, 244 
Lithographic limestone, 185. 410 
Lochambal Beds, 382 
Lockhart Limestone, 473 
Loess, 523, 532 
j Loi-An Series, 400 
I Lonar lake. 44 
Lumachello 382, 384 
Luni River, 20 
1 Lunkaransar lake, 43 

M 

i Maclaren, J. iM., 100, 263, 331 
; Macrocephalus Beds, 397 
j Madhan Slates, 347 
i Madagascar, 71 
* Madhupur jungle, 542 
' Magnesian Sandstone, 223 
, Magnesite, 113, 174 
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Magnetite, 138, 139, 153, 165 
Mahadeva Senes, 269, 307 
Btahadevan, C., 58, 184, 203 
Mahadek (Mahadeo) Stage, 427 
Mahanadi River, 18, 185, 267, 303, 

306, 311, 317 

Mahanadi Strike, 56, 57, 120 
Mahananda River, 32 
Mahi River, 20 

Main Boundary Fault, 64, 202, 502 
Main Sandstone Series, 409 
Makrana marble, 134, 171 
Malani igneous suite 188, 192, 193, 202 
Maleri Stage, 270 
Mallet, F. R.. 188, 489 
Malprabha River, 18, 183 
Manas River, 34 
Manasarovvar, 9, 24, 25, 46 
Manchhar Lake, 44 
Manchhar Series, 508 
Mandhali Beds, 194, 247, 255 
Manganese ore. 125, 126, 133, 142, 147, 
165, 166, 187 
Mangli Beds, 268 

Marble : Dhanvanan, 133, 142, 147, 

171; Bijawar, 187; Delhi, 196; 
Mogok, 155, 156; Kaladgi, 183; 
Raialo, 134, 135, 171; \'indyan, 
207 

Martoli Series, 152, 194, 250 
Mathur, K. K., 438 
Mawson Series, 238 
Medlicott, H. B,, 187, 254 
Meekoceras Bed, 352, 358 
Megalodon Limestone, 350. 357, 362, 
364. 366, 370, 371, 377, 386, 388 
Meghna River, 35 
Mekran. 4, 51, 78, 510, 531 
Mekran Series, 510 
Mergui Series, 156, 232 
Meting Shales, 464 
Mica, 112. 174 
Mica-peridotites, 284 

Middlemiss, C. S., 127, 219, 221, 224, 413 

Miliohte limestone, 531 

Mio-Pliocene, 75, 50I-5I5 

Mogok Senes, 154 

Molybdenite, 167, 168 

Monazite, 58, 118, 143, 167, 168 

Mong Long schists, 156 

Monotis Shales, 350, 357 

Monsoon, 3. 4, 533 

Moonstone, 118, 155, 173 

Morar Series, 186 

Morris, T. O., 524 

Motur Stage, 265 

Moulmein Limestone, 156, 246 

Mountains, 4 

Mud volcanoes, 50-51 

Mukherjee, P. N., 491 

Murray Ridge, 78 

Murree Series, 487, 496 

Muschelkalk, 350, 352, 358, 363, 371 

Muth Quartzite, 70, 233, 240, 247, 250 

Mylliem Granite, 144 


I Nagari Quartzites. 180 
I Nagn Stage, 505 
Nagthat Beds, 247 
Xal lake, 44 

i Xallamalai Senes, 179, 182 
' Xammal Limestones and Shales, 471 
I Namsang Beds, 511 

■ Xamshim Beds, 239 
I Namyau Series. 400 

; Xanciyal Shales, 202, 203 
! Nanga Parbat. 14, 22, 150 
Naogaon Stage, 489 
Napang Beds, 377, 400 
Nappes : 2, 5, 65, 328 
Narmada River Valiev, 19, 74, 197, 198, 
254, 306, 311, 413, 526 
Narcondam, 49 
Nan Series, 485, 498 
Narji Limestone, 203 
' Naungkangyi Stage, 236, 238 

■ Nagrais Series, 429 

' Nepal, 14. 29, 36, 152, 194, 327 
; Neobolus Beds, 225 

■ Newer Dolorite, 141 

I Nickel-Cobalt ore, 167 
Nicobar Is , 67, 76, 77 
Nilgiri mountains, 4, 108 
Nilgiri Gneiss, 108 
Nimar Sandstone, 414 
X'imbahera Limestone, 199 
Niniyur Stage, 423 
Niti Limestone, 352. 358 
Nodular Limestone (Tnas), 350, 352 
Noric Stage, 355. 360, 363. 371 
Nam Sang (Num Rong Khu) Stage, 511 
Nurpuh Sandstone, 477 
Nyaiingbaw Limestone, 238 


O 

Ochre, 132, 207 
Oil-fields, 51. 489, 494-497 
Oil-shale, 216 

Older Metamorphic Series, 137 
Oldham. R. P., 446, 447 
Oldham, T., 49, 219 
Oligo-Miocene, 484 
Olive Series, 335. 337 
Oman, 15, 71, 78 
Ophiceras Zone, 352 
Ordovician-Siluriati, 69, 233 240 
Orogeny, Himalayan, 74, 450. 484, 502 
; Orpiment, 160 
Orthoceras Beds, 238 
I Otoceras Zone, 352 


Pab Sandstone, 411 
Pachmarhi hills, 7, 267, 269 
Pachmarhi Stage, 269 
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Pachbadra lake, 43 
Padaukpin Limestone, 243 
Padaung Clays, 492 
Paklial Senes, 183 
Palaeozoics, 69, 71, 209-251 
Palgliat gap, 5 
I’ah Beds, 267, 268 
Palnad Senes, 203 
Paiichet Series, 268, 307 
Paniam Series, 203 
Panjal Volcanics, 64, 327, 331, 332 
Panna Shales, 199 
Panvel flexure, 77, 437 
Papaghm Series, 179, 180 
Par Series, 186 
Para Stage, 382 
Parh Limestone, 410 
Panhar Sandstone, 396 
Parsora Stage, 269 
Pascoe, E. H., 219, 221, 502 
Patala Shales, 470 
Patcham Beds, 397 
Pavalur Sandstone, 280 
Paun.ggyi conglomerate, 479 
Pegu Senes, 491 
Penganga Beds, 184 
Peninsula, Structure of, 54-64 
Peninsular Gneiss, 107, 112, 113, 140, 
Penner Kiver, 19 
Permian System, 324-348 
Permo-Carboniferous floras, 307 
Petroleum (Oil), 210, 473, 488, 489, 494- 
497, 531 

Phlogopite, 114, 118, 175 
Phosphatic nodules, 416 
Pilgrim, G. E., 65, 502, 506, 508 
Pindaya Beds, 238 
Pinfold, E. S., 210, 219, 221, 223 
Pmjor Stage, 507 

Pir Panjal, 10, 23, 76, 194, 247, 367, 451, 
474, 507, 519, 521 
Pitchblende (uranimte) 57, 143 
Plateau basalt, 434 
Plateau Limestone, 157, 242, 245 
Plateau Quartzite, 203 
Pleistocene System, 516-528 
Po Series, 244 

Pokharan boulder beds, 258 
I’olyphemus Beds, 392 
Pondaung Sandstone, 480 
Pondiclierry, 424, 481, 513 
Porbandar stone, 531 
Porcellanite Stage, 198 
Potash salts, 218 

Potwar plateau, 60, 210, 455, 487, 504, 524 
Potwar Sill, 523 
Pramanik, 43 

Prang Limestone, 477 , 

Productus Limestone, 338 -342 ' 

Productus (Kulmg) Shales, 325, 327 ! 

I'tilophyllum (Lhmnleldia) flora, 255, 307 I 

Iflychites horizon, 368 

Puheat lake, 42 ' 

Puhvendla Stage, 180 
Pullampet Slates, 181 


Parana group, 61, 95, 178, 185 
I Purple Sandstone, 221, 224 
Pun, G. S., 523 
I Pj alo Stage, 493 
j Pyrite, 162, 164, 200 


Q 

Quartz Veins (reefs), 136, 140 
Quartzite Series. 350, 357, 362 
Qiiilon Beds, 498 


R 

Raghavapuram Shales, 278 
Raialo Series, 134 
Rainfall, 3, 4 
Raidak River, 34 
I Raipur Limestone, 185 
Rajamahendri Sandstone, 513 
Rajamahendri, infra and inter-trappeans, 
424, 444, 482 
Rajmahal hills, 7 
; Rajmahal Series, 271 
i Rajmahal Traps, 64, 271, 272 
Raj Xath, 277, 399 

I Rajasthan: Archaeans 127, Delhi System, 

I 188. Vmdhyan, 199; Jurassic, 

396; Cretaceous, 413; Eocene„ 
459, 480 ; Desert, 532 
Ralam Senes, 205, 250 
i Ramberg, H., 110 
Ramri island, 50, 429 
I Rangit Valley, 263, 330, 347 
I Kaniganj coalflekl, 262, 303, 316, 317 
Raniganj Series, 267 
I Ranikot Series, 463 
' Rann (of Kutch) 43, 45, 532, 542 
! Ranthambhor Quartzite, 131, 186 
Raiithambhor'trap, 132 
■ Kao, S. R„ Xarayan, 413, 417, 427, 445 
; Kao, B. Kama, 102. 103, 105, 107, 110 
Rao, L. Rama, 424. 481 
, Kao, M B,, Ramachandra, 107 
j Kao, K. Snpada, 107, 425 
j Ravi River, 24, 40 
I Recent deposits, 534 
Red Beds (Kalaw) 428 
Red soils, 540 
Reed. E. R. C., 226, 342 
Kegur, 442. 449, 540 
Reh. 535 

Itolimanni Beds, 397 
Renji Stage, 490 
Resliun Conglomerate 410 
Kewa Senes, 199, 200 
Kewak Stage. 478 
Khaetic, 357, 366 
Khacopteris flora. 308 
Rhyolite. 230, 332, 437, 438 
Kikba Beds, 259 

Ripple marks, 180, 200, 201, 388 
Rivers, 17-41 
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River capture, 36 

Rock salt, 211, 214, 217, 218 

Rolitas sla.i^e, 198 

Roy Chowdhiiry, M K., 187 


Sabarmati River, 20 
Safed Koh, 15, 68 
Sahni, B., 220, 446 
Sahm, M. R., 197 
Sakarsamte Series, 107 
Sakesar Limestone, 471 
Sakoh Series, 124, 142 
Saligrams, 30, 382 
Salkhala Series, 150, 151 
Salt Marl fSaline Senes), 215-224 
Salt Pseudomorph Shales, 225 
Salt Range : 14, 60, 209, 215. Cambrian, 
209-226 : Boulder-hcd, 259 : 
Permian, 335 . Trias. 374 , 
Jurassic, 388. Cretaceous. 412. 
Tertiary. 454. Hocene. 467: 
Murree, 487 , Siwalik, 501 
Salween River, 38 
Samana Range, 392, 409, 472 
Samana Suk Limestone, 392 
Sambhar Lake, 42 
Samarskite, 58 
Sankosh River, 34 
Santa Catarina System, 294-296 
Sapphire, 154. 173 
Sarikhol shales, 245 
Sarasvati River, 25, 26. 39 
Scarp Limestone, 407, 442 
SatpLira I\Its , 7 
Satpura Strike, 55, 141, 144 
Satyavedu Beds, 282 
Sausar Senes, 104, 125, 142, 166 
Sawa Grits, 191 
Semri Senes, 198 
Serpentine, 73, 79, 138, 183, 429 
Seward, A. C., 283 
Shall Limestone, 347 

Shan States: Archaean, 156 . Cambrian, 
229, C)rdo\ ician-Silurian, 236; 
Devonian, 242; lA^rmo-CarbonL 
ferous, 245, Trias, 377, Jurassic, 
402 ; Cretaceous, 428 
Sharma, X. L., 130. 193 
Shell Limestone, 382, 384, 396, 420 
Shekhan Limestone, 471 
Shiala Senes, 234, 250 
Shillong Series, 144 
Shimoga Schist Belt. 105 
Shwezetaw Stage, 492 
Sibintes spiniger zone, 363 
Siju Limestone Stage, 478 
Sikkim, 152. 263. 370 
Sillimanite. 119, 143, 144, 153, 154, 156, 
168, 173 
Silurian, 69> 70 


Simla-CTarhwal• \rcinu-.in. 152 . Pal.ie.j- 
zoic, 247; IVnno-Carbonifcroiis, 
346 . Ic-rtiary, 456 , Locein*, 
475: Oligo-.Miotene, 488 ; 

Mio-PliOLcne, 508 
vSiinIa elates. 152, 194 
Sind C'rctaceous 410 ; Tertiarv 452 : 

Loot IK' 462 , ()li,i.;()'Miocenc 484 
Singhbhiim, Archueans, 136 
Smghhhum (iranite, 140 
Smgn Staee. 492 
Sinor. K P . 259 
Sirbu Shale''. 199 
Sirmur Svsti'm, 488 
Sitsayan Slialcs, 492 
Sittang River, 38 
Sivaganga bed-,. 282 
Sivamalai Seriej,, 115 
Siwalik Sv^tein, 75. 501 -509 
Siwalik IiilU, 10, 25. 26, 28 
Siwaiia (inniile, 192 
Smet th. \V P . 102 

Snow-hne, ]5 

Soil.s. 302. 449, 540 
Soilatara. 50 
Sonakhan Fk'ds. 12! 

Sonawani Senes, 123 

Sonc Ruer !\’alle\), 17, 31. 142. 188. 198, 
200, 202, 254 
Songir SainKtone. 413 
Son-Sakesar, 44 
Spatli, L F , 280, 399 
Speckled Sandstone, 337 
Speiii^Ier. F , 428 
Spintangi LlnK‘^toIU. 4t)7 
Spiriferina stra( he\ 1 359. 370 

Spiti . Pre-Camlnnan, 151 . Cambrian, 
226 , OrdoMcian-silunan. 233 . 
Deconian, 239 ; ('arboniferon"!, 
243 : Permian, 325 TnasM'., 
350-358. jinassic, 381. 
Cretaceoii-s 402 
Spin Shales. 30, 381, 388 
Sprint'S, thermal, 77 
Sriperiimbudur Beds, 281 
Srisailani (Juartzite, |82 
Stachella Bed^. 374 
Stanrohte. 141, 153. 184, 191 
Steatite (Talci. 113. 175. 196 
Stibmte, 169 
Stillwell. F I> , 1 10 
Stidiczka, F . 384 

Stone iinpUment^ Sioaa 524. Midi.i'i 
528 . !rra\\,idd\ 528 
Slormberg Serie->. 290 
Stormlw-'rg xokanics, 291 

Stratigraj>h\, pnnciph-^ ot, 89-93 
Strike directions, in Arcliaeans, 54 
Stuart. M , 215. 218. 221 
Subansin River, 34, 263, 331, 347 
Subarnarekha River, 18 
Subathu Beds, 475 
Siibramaniam, A. P . 114 
Sucss, E.. 328. 529 
Sukheswala, R. X. 447 
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Sill--I Shales, 197, 199 
Siilaiman Ran,t;e, 14, 15, 462 
Sulcacutus Beds, 382 
Sullavai Senes, 184 
Supra-Panchet, 270 
Surma River, 36 
Surma Senes, 490 
Susnai Breccia, 300 
Sutlej River, 24, 25, 39 
Sylhet Limestone, 477 
Sylhet Trap, 145 
Syntaxis, 60, 67, 68, 94. 387 
Syringothvris Limestone, 244 
Syenite, ]]2, 115, 119, 120, 133 

T 


Tabbowa Series, 282 
Tab 3 -in Clays, 479 
Tadpatri Slates, 181 
Tagling Stage, 382 
Tal Series, 387 
Talar Stage, 510 
Talc, 140, 171, 175 

Talchir boulder-beds, 62, 63,214,247, 255, 
259, 304, 312, 313, 335, 337 
Talchir Series, 255-259 
Tambrapami River, 19 
Tanakki boulder-bed, 247, 255, 346 
Tanawal Series, 247, 346 
Tanganyika, 71, 292 
Tantahte, 118, 161 
Tapi (Tapti) River, 19, 526 
Tasmania, Gondwanas in, 287 
Tatrot Stage, 506 
Taungnvo Series, 157 
Tawng Peng Granite, 231, 232 
Tawng Peng System, 156 
Tenasserim, 77, 154, 156, 169 
Terai, 534 

Tertiary Group (Summary) 74, 75. 450- 
460 

Tethys, 63, 70, 309, 311, 312, 313, 324, 
450, 501, 529 
Thabo Stage, 244 
Therria Stage, 477 
Thmnfeldia flora, 255 
Thorianite, 118 

Thrust ; Chail, 65 ; Giri, 65, 347 ; Krol, 
65, 347; Murree, 65; Naga, 60, 
496 

Tibet, 9, 10, 16, 22, 25, 30, 33, 45, 328 

Tibetan lakes, 45 

Tikak Parbat Stage, 489 

Tiki Beds. 270 

Tilin Sandstone, 479 

Tilley, C. E , 110 

Tin Ore, 167 

Tipam Series, 511 

Tirohan breccia. 198 

Tirohan Limestone, 198 

Tirupati (Tripetty) Sandstone, 278, 280 

Tista River, 35, 40 

Titanium ore, 168 

Torsa River, 35 


Trap, d\ kes etc, : Bijawar, 187 ; Bundal- 
khand, 136; Cuddapah, 180, 182, 
186, Dalma, 138; Deccan, 79 ; 
Gondwana, 288, 303 ; Gwalior, 
132, 186, 187; Khewra, 215 ; 
Panjal, 310, 327, 331, 332 ; 
Rajamahendri, 434, 444, 447 ; 
Rajmahal, 271, 272, 283, 307 ; 
Semri, 198, 202 ; Sylhet, 145 
Trans-Himalaya, 13, 22, 36 
Traumatocrmus Bed, 360 
Travancore, 5, 55, 109, 167, 168, 458, 498, 
513, 538 

Triaasic System. 71, 349-380 
Trichinopoly : Upper Gondwana, 282 ; 

Cretaceous 415 
Tricliinopoh" Stage, 420 
Trigonia Beds, 399 
Tropites Beds, 355, 363, 364, 365 
Tso Lhamo Series, 330, 370 
Tuna limestone, 407 
Tungabhadra River, 18 
Tungsten ore, 168 
Tura Stage, 478 
Turner, F. J., Ill 


U 

Ukra Beds, 277, 399 

Ultrabasic rocks, 6, 73, 74, 78, 79,133.138, 
139, 154, 161, 168, 174, 192, 407, 429, 
430 

Umaria marine bed, 279, 331 
Umia Series, 277, 399 
L'mlatdoh Limestone, 477 
Uranium (Uraninite) 59, 143, 167, 169 
Usar, 535 

Uttattur Stage, 415 

V 

Vaiknta System, 151, 194 
Vanadiferous magnetite, 139, 140, 165, 169 
Variegated Series, 250, 388 
Vemavarara Shales, 280 
Vempalle (Vaimpali) Stage, 180 
Vemban, N. A., 182 
Vening-Meinesz, 85 
Venkataram, M. S,, 281 
Vindhya Mountains, 6. 197 
Vindhvan Basin. 61, 62, 196. 197, 201, 250, 
530' 

Vindhvan System, 6. 61. 62, 192-208 
Virgal Beds, 340 
Volcanoes, 49-50 

Vredenburg, E. 3V., 255. 414, 491, 509. 
510 

Vijar an Series, 116 


W 

Waagen, W., 344 
Wadia, D. N., 150, 221, 222 
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VVadhwan Sandstone, 274 

Wager, I,. R., 263 

Wanni Gneiss, 116 

Warkalli (Varkala) Beds, 513 

Warth, H., 424 

Washington, H. S., 437 

Waterfalls, 20-21 

Watershed, 8 

Wegener, A., 310 

West, W. D., 49, 65, 125, 150, 438 

Western Ghats, 4, 5, 55 

Wetwin shales, 243 

Wolfram, 168 

Wynne, A. B., 209, 221 

Wular lake, 46 


Y 

Yamuna River— {Set- Jumna) 
Yaw Shales, 480 


Z 

Zamia Beds, 399 
Zanskar Range, 10, 22, 25 
Zebingyi Beds, 239 
Zeolites, 440, 441 
Zewan Beds, 334 
Zinc ore, 165 

I Zircon, 112, 118, 120, 144, 155, 168, 173 
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